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GENERAL 

This handbook is a reference guide for the interface and peripheral 
hardware options that can be installed on the LSI-11 bus. It includes 
descriptions, specifications, configuration information, programming 
information as applicable to the options, and functional theory. Be- 
cause the hardware options described in this handbook are designed 
to interface with a processor via the LSI-11 bus, the user should be 
familiar with the contents of the appropriate processor handbook. 

The handbook is organized into two parts. Part 1 contains general 
information about microcomputer interfaces; Part 2 contains descrip- 
tion of the interface options in alphanumeric sequence. 

Digital Equipment Corporation designs and manufactures the options 
described in this handbook. The general design criterion was to pro- 
vide maximum system throughput for options when installed on the 
LSI-11 bus. LSI-11 bus-compatible processors, interfaces, and peri- 
pherals are designed to work together, providing a broad spectrum of 
system-compatible hardware options. The memory and peripheral 
devices can be used with various LSI-1 1 bus configuration; the system 
can later be expanded or modified to meet new system requirements. 
This hardware flexibility, when coupled with DIGITAL software and 
support, provides a single source for all present and future microcom- 
puter processing needs. 

LSI-11 FAMILY CHARACTERISTICS 

LSI-11 bus systems include various processors, memory and peri- 
pheral device options, and software. Some of the characteristics of the 
LSI-1 1 bus systems are: 

• Low-cost powerful components for integration into any small- or 
medium-sized computer system. 

• Direct addressing of all memory locations and peripheral device 
registers. 

• Efficient processing of 8-bit bytes (characters) without the need to 
rotate, swap, or mask. 

• Asynchronous bus operation that allows system components to run 
at their highest possible speed; replacement with faster devices 
means faster operation without other hardware or software 
changes. 

• A module component design that provides ease and flexibility in 
configuring systems. 
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• Inherent direct memory access capabilities for high data rate de- 
vices. 

• A bus structure that provides position-dependent priority for peri- 
pheral device interfaces connected to the I/O bus. 

• Vectored interrupts that allow service routine entry without device 
polling. 

Processors 

The processor is connected to the LSI- 11 bus (backplane) as a sub- 
system that executes programs and arbitrates usage of the LSI-1 1 bus 
for peripherals. It contains multiple, high-speed, general-purpose reg- 
isters that can be used as accumulators, address pointers, index 
registers, and other specialized functions. The processor can perform 
data transfers directly between peripheral input/output (I/O) devices 
and memory without disturbing the processor registers. Data transfers 
include both 16-bit word and 8-bit byte data. 

LSI-1 1 Bus 

System components, including the processor, memory, and peripher- 
als, are interconnected and communicate with each other via the LSI- 
1 1 bus. The form of communication is the same for all devices on the 
bus; instructions that communicate with memory can communicate 
with peripheral devices. Each device, including memory locations and 
peripheral device registers, is assigned an individual byte or word 
address on the LSI-1 1 bus. 

The LSI-1 1 bus supports 18-bit addresses. However, processors and 
peripherals having a 16-bit addressing capability are completely PDP- 
11 hardware- and software-compatible within the 16-bit limitation. By 
PDP-1 1 convention, all peripheral device addresses are located within 
the upper 4K address space in the system, whether 16-bit or 18-bit 
addresses are used. This 4K address space is called the I/O page or 
"bank 7." 

Whenever the I/O page is addressed, the processor must assert the 
BBS7 L bus signal. All peripheral devices use this signal line during 
addressing rather than decoding address bits <15:13> or <17:13>. 
An active (asserted) BBS7 L signal will always indicate an address in 
the I/O page, enabling peripheral device addressing. 

Peripheral device addresses within the I/O page are decoded by each 
peripheral device. Each peripheral device will include one or more 
"device register(s)." These registers can be accessed under program 
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control in exactly the same manner as memory locations. Unique ad- 
dresses within the I/O page are encoded on address bits <12 :00>. 

NOTE 

Address bits, for the purpose of this discussion, are 
logical states present on LSI-11 bus signal lines 
BDAL <17:00> L during the addressing portion of a 
bus cycle. 

Refer to the appropriate processor handbook for a complete descrip- 
tion of bus transactions, including bus cycles, addressing, etc. 

Device Registers 

All peripheral devices are defined by one or more device registers that 
are addressed as part of the main memory. These registers are gener- 
ally designated control and status registers. 

Control and status registers (CSRs) contain all the necessary informa- 
tion to establish communications with the device. Some devices will 
require fewer than 16 status bits, while other devices could require 
more than 16 bits and therefore will require additional registers. The 
bits of the CSR have predetermined assigned functions. Typical bit 
functions include interrupt enable, error, done or ready, and enabled. 

Data buffer registers (DBRs) are for temporarily storing data to be 
transferred into and out of the processor. The number and type of data 
registers is a function of the individual peripheral device require- 
ments. 

Interrupts 

Interrupts allow devices to obtain processor service when they are 
"ready" for service, or "done" with a specific operation. The interrupt 
structure allows the processor to execute other programs while one or 
more peripherals are "busy." When a peripheral requires service it 
requests an interrupt. The processor completes execution of the 
present instruction, saves PC and PS words on the stack, and ac- 
knowledges the interrupt. The highest priority peripheral device cur- 
rently requesting interrupt service responds by inputting its interrupt 
vector address to the processor. The processor uses this vector ad- 
dress as a pointer to two memory locations containing the PC (starting 
address) and PS for the peripheral device interrupt service routine. 
Program control Is transferred from the interrupted program to the 
routine associated with the requesting peripheral device. Note that no 
device polling is required, since the interrupt vector is unique for that 
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device. Once the device service routine execution has been complet- 
ed, control is returned either to the previously interrupted program or 
to another peripheral device requesting interrupt service. 

Memory Address 

Memory addresses are generally limited to the address space other 
than the I/O page. However, the I/O page can contain read-only 
memory (ROM) for disk bootstraps, paper tape loaders, diagnostics, 
etc. or read/write memory for DMA buffers. The system designer must 
use care in assigning memory addresses within the I/O page to avoid 
conflicts with peripheral device addresses used for actual system 
hardware, or addresses that system software may attempt to access 
for peripheral- devices not actually installed in the system. See Appen- 
dix A for the standard assignments of the addresses in the I/O page. 

SPECIFICATIONS 

All the LSI-1 1 bus modules will operate under the following conditions: 

Temperature 5° to 60° C (41 0 to 140° F) 

Humidity 10 to 95% (no condensation) 

When operating at the maximum outlet temperature (60° C or 140° F), 
adequate air flow must be maintained to control the inlet to outlet 
temperature rise across the modules to 5° C (9° F) maximum. The air 
flow should be directed to flow across the modules. 

All the individual module specifications are included in the detailed 
descriptions of the peripheral or option. A summary of the module 
characteristics is provided In Table 2; these characteristics are de- 
fined as follows: 

1. The option designation is the alphanumerical code assigned to 
the option. 

2. The module number is the number assigned to the interface mod- 
ules that are connected to the LSI-1 1 bus. This number is printed 
on the module handle and can be used as a quick reference to 
determine what specific options are installed in any system. The 
module numbers are listed numerically in Table 3 so that the user 
can identify the options installed by using the module numbers. 

3. The module description identifies the category of the option. 

4. The power requirements specify the power by the option when 
connected to the bus backplane. These requirements are used to 
determine the total power supply loading within a single system. 
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5. The bus loads for ac and dc loading are provided so that the user 
can calculate the total ac and dc loading for any system. 

6. The interface modules are standarized as either a double or a 
quad and all are extended length. The double size module is 13.2 
cm (5.2 in.) high, 22.8 cm (8.9 in.) long, and 1 .27 cm (0.5 in.) wide. 
The quad size module is 26.5 cm (10.5 in.) high, 22.8 cm (8.9 in.) 
long, and 1 .27 cm (0.5 in.) wide (Figure 1 ). 

DESCRIPTION OF OPTION CATEGORIES 

The LSI-11 bus peripherals and options are classified into general 
categories that pertain to their performance and function. This listing 
indicates the wide span of equipment capability available to the user 

Interface Options 

AAV11-A The AAV11-A is a 4-channel, 12-bit digital-to-analog 

converter module that includes control and interfac- 
ing circuits. It has four D/A converters, a dc-dc 
converter that provides power to the analog circuits, 
and a precision voltage reference. Each channel has 
its own holding register that can be addressed sepa- 
rately and provides 12 bits of resolution. Bits 0, 1, 2, 
and 3 of the fourth holding register are brought out 
to the I/O connector so that they can be used as a 4- 
bit digital output register. 

ADV1 1 -A The ADV1 1 -A is a 1 2-bit successive approximation 

analog-to-digital converter that samples analog data 
at specified rates and stores the digital equivalent 
value for processing. The multiplexer can accommo- 
date up to 16 single-ended or 8 quasi-differential 
inputs. The converter uses a patented auto-zeroing 
design that measures the sampled data with respect 
to its own offset and therefore cancels out its own 
offset error. 

External event inputs can originate at the user's 
equipment or from the Schmitt trigger output of the 
KWV1 1-A clock. Three reference signals are provid- 
ed for self-testing any channel input. These signals 
consist of two dc levels and one bipolar triangular 
waveform. This output can be used with DIGITAL 
diagnostic software to produce a data base for ex- 
tremely precise analog linearity testing. 
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DRV1 1 The DRV1 1 is a parallel interface module that is used 

to interconnect the LSI-1 1 bus with general-purpose, 
parallel line TTL or DTL devices. It allows program- 
controlled data transfers at rates up to 40K words 
per second and uses LSI-1 1 bus interface and con- 
trol logic to generate interrupts and process vector 
handling. The data are handled by 16 diode- 
clamped input lines and 16 latched output lines. 
There are two 40-pin connectors on the module for 
user interface applications. 

DRV1 1 -B The DRV1 1 -B is an interface module that uses direct 

memory access (DMA) to transfer data directly 
between the system memory and an I/O device. The 
interface is programmed by the processor to move 
variable length blocks of 8- or 16-bit data words to or 
from specified locations in the system memory. 
Once programmed, there is no processor interven- 
tion required. The module can transfer up to 250K 
1 6-bit words per second in the single-cycle mode 
and up to 500K 16-bit words per second in the burst 
mode. It also allows read-modify-restore operations. 

DRV1 1 -J Sixty-four input/output data lines are now available 

on a double-height module for the LSI-1 1 /2, LSI- 
1 1 /23, PDP-1 1 /03, and PDP-1 1 /23. The DRV1 1 -J al- 
so includes an advanced interrupt structure with bit 
interruptability up to 16 lines, programmable inter- 
rupt vectors, and program selection of fixed or rotat- 
ing interrupt priority within the DRV1 1-J. The 
DRV1 1-J's bit interrupts for real-time response 
make it especially useful for sensor I/O applications. 
It can also be used as a general-purpose interface to 
custom devices, and two DRV1 1-Js can be connect- 
ed back-to-back as a link between two LSI-1 1 buses. 

DRV1 1 -P The DRV1 1 -P is a foundation wire-wrap interface 

module with a 40-pin I/O connector. Approximately 
25 percent of the module is occupied by bus trans- 
ceivers, interrupt vector generation logic, device 
comparator logic, protocol logic, and interrupt logic. 
The remaining 75 percent is for user applications; 
this portion has plated-through holes for securing 
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ICs and wire-wrap pins for interconnecting the user's 
curcuits. The plated-through holes can accept 6-, 8-, 
14-, 18-, 20-, 22-, 24-, and 40-pin dual-in-line 
integrated circuits or discrete components. 

The IBV1 1-A is an Interface module that intercon- 
nects the LSi-1 1 bus with the instrument bus de- 
scribed in IEEE standard 488 1975, "Digital Interface 
for Programmable Instrumentation." The IBV1 1-A 
makes a processor-controlled programmable in- 
strument system possible. The module can accom- 
modate up to 15 IEEE-488 devices and is PDP-1 1 
software-compatible. 

The KWV1 1-A is a programmable real-time 
clock/counter that provides a means of determining 
time intervals or counting events. It can be used to 
generate interrupts to the processor at predeter- 
mined intervals or establish timing between input 
and output events. It can also initialize the ADV1 1-A 
analog-to-digital converter by a clock counter over- 
flow or by firing a Schmitt trigger. The clock counter 
has a resolution of 16 bits and can be driven by any 
one of five crystal-controlled frequencies (100 Hz to 
1 MHz), from a line frequency input, or from a 
Schmitt trigger fired by an external input. The mod- 
ule can operate in any of four programmable modes: 
single interval, repeated interval, external event tim- 
ing, and external event timing from zero base. 

Communications Options 

DLV1 1 The DLV1 1 is a serial line unit (SLU) that interfaces 

with asynchronous serial I/O devices. The module 
has jumper-selectable baud rates (50-9600) and se- 
rial word format that includes the number of stop 
bits, number of data bits, and even, odd, or no parity 
bit. The DLV1 1 can support 20 mA current loop in- 
terfaces or EIA "data leads only" interfaces. 

DLV1 1 -E The DLV1 1 -E is an asynchronous line interface 

module that interconnects the LSI-1 1 bus to stan- 
dard serial communications lines. The module re- 
ceives serial data, converts it to parallel data, and 
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transfers it to the LSI-1 1 bus. Also, it accepts parallel 
data from the LSI-1 1 bus, converts it to serial data, 
and transmits it to the peripheral device. The module 
has jumper-selectable or software-selectable baud 
rates (50-19,200), and jumper-selectable data bit 
formats. The DLV1 1-E offers full modem control for 
EIA/CCITT interfaces. 

DLV1 1 -F The DLV1 1 -F is an asynchronous line interface mod- 

ule that interconnects the LSI-1 1 bus to several types 
of standard serial communications lines. The mod- 
ule receives serial data, converts it to parallel data, 
and transfers it to the LSI-1 1 bus. It also accepts 
parallel data from the LSI-1 1 bus, converts it to serial 
data, and transmits it to the peripheral device. The 
module has jumper-selectable or software-selecta- 
ble baud rates (50-19,200) and jumper-selectable 
data bits. The DLV11-F supports either 20 mA cur- 
rent loop or EIA standard lines, but does not include 
modem control. 

DLV1 1 -J The DLV1 1 -J contains four independent asynchro- 

nous serial line channels used to interface peripheral 
devices to the LSI-1 1 bus. Each channel transmits 
and receives data from the peripheral device over 
EIA data leads (lines that do not use a control line). 
The module can be used with 20 mA current loop 
devices if a DLV1 1-KA adapter is used. The DLV1 1-J 
has jumper-selectable baud rates from 150 to 39.4 K 
baud. 

DUV1 1 The DUV1 1 synchronous line interface module esta- 

blishes a data communication line between the LSI- 
1 1 bus and a Bell 201 synchronous modem or equi- 
valent. The module is fully programmable with 
respect to sync characters, character length (to to 8 
bits), and parity selection. The receiver logic accepts 
serial data for the LSI-1 1 bus. The transmitter logic 
converts the parallel LSI-1 1 bus data into serial data 
for the transmission line. The interface logic converts 
the TTL logic levels to the EIA voltage levels required 
by the Bell 201 modems and also controls the mo- 
dem for half-duplex or full-duplex operation. 
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DZV1 1 The DZV1 1 is an asynchronous multiplexer interface 

module that interconnects the LSI-1 1 bus with up to 
four asynchronous serial data communications 
channels. The module provides EIA interface voltage 
levels and data set control to permit dial-up (auto- 
answer) options with full-duplex modems such as 
Bell models 103, 113, 212, or equivalent. The DZV11 
does not support half-duplex operations or the se- 
condary transmit and receive operations available in 
some modems such as Bell 202. The DZV1 1 has ap- 
plications in data concentration and collection sys- 
tems where front-end systems interface to a host 
computer and for use in a cluster controller for ter- 
minal applications. 

Expansion Memories (For detailed memory descriptions, 
see the Microcomputer Processor Handbook) 

MMV1 1 -A The MMV1 1 -A is a 4K X 1 6-bit core memory option 
that provides nonvolatile read/write storage. The 
memory can be configured by bank addressing 
switches. The module is limited to LSI-1 1 bus back- 
planes that contain the LSI-1 1 bus in both the A/B 
bus and the C/D slots. 

MRV1 1-AA The MRV1 1-AA is a read-only memory module on 
which the user can install fusible link, program- 
mable, read-only memory (PROM) chips or masked 
read-only memory (ROM) chips. The user selects the 
address space of the memory by configuring remov- 
able jumper wires. 

MRV11-BA The MRV11-BA is a read-only memory module that 
uses ultraviolet (UV) erasable, programmable, read- 
only memory (EPROM) integrated circuits. The mod- 
ule also contains a 256 X 16-bit random access 
memory (RAM) that can be used as a "scratchpad" 
or "stack" by the system software. 

MRV11-C The MRV11-C is a flexible, high-density ROM mod- 

ule used with the LSI-1 1 bus. The module contains 
sixteen 24-pin sockets which accept a variety of 
user-supplied ROM chips. It will accept masked 
ROMS, fusible link PROMs, and ultraviolet erasable 
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PROMs. It accepts several densities of ROM chips 
up to and including 4K x 8 chips. Using these high- 
density chips gives the module a total capacity of 
64K bytes. The contents of the module can be ac- 
cessed in one of two ways— either directly or win- 
dow-mapped. Direct access provides total random 
access to all ROM locations on the module. Window- 
mapping provides two 2K-byte windows in memory 
address space to access 2K-byte segments of the 
ROM array. The segments that are viewed through 
each window can be varied under program control. 

MSV11-B TheMSVt1-Bisa4K X 16-bit dynamic MOS 

read/write memory module. The user can select the 
memory addresses of the module by configuring re- 
movable jumpers. The memory refresh must be con- 
trolled by external bus signals. 

MSV1 1 -CD The MSV1 1 -CD is a 1 6K X 1 6-bit dynamic MOS 

read/write memory module. Refresh is automatically 
performed by the module but it can be disabled if the 
user wishes to use the LSI-1 1 bus refresh signals. 
This memory module can be configured to operate 
in the battery backup mode. The user can configure 
the memory addresses by selecting switch settings. 

MSV11-D.-E The MSV1 1 -D module has either 8K, 1 6K, or 32K X 
1 6 bits of MOS memory. The MSV1 1 -E is the same 
as the MSV1 1 -D except that it has an 1 8-bit word 
that generates and detects byte parity for each word. 
The modules have an on-board memory refresh and 
perform the necessary LSI-1 1 bus cycles. The mem- 
ory addressing is selectable by the user by configur- 
ing switch settings. The module can use a battery 
backup system to preserve data when primary 
power is lost. 

MXV1 1 -A The MXV11-A is a dual height multifunction option 

module for the LSI-1 1 , LSI-1 1 12 or LSI-1 1 /23. It con- 
tains a read/write memory, provisions for read-only 
memory, two asynchronous serial line interfaces and 
a 60 Hz clock signal derived from a crystal oscillator. 
Read/write memory is supplied with either 8K or 32K 
bytes (4K or 16K words). Two 24-pin sockets are 
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provided for +5 V read-only memories. 1K x 8, 2K x 
8, or 4K X 8 ROMS may be used. The sockets may 
also be used for 256 words of bootstrap code. The 
two asynchronous serial lines transmit and receive 
EIA-423 signal levels from 150 baud to 38.4K baud. 
20 mA active or passive current loop operation at 
110 baud may be obtained with the DLV11-KA EIA to 
20 m A converter option. The serial lines will not sup- 
port the reader run function of the DLV1 1-KA option. 
The serial lines provide error indicator bits for over- 
run error, frame error, and parity error, but do not 
have modem controls. Serial line 1 may be config- 
ured to respond to a break signal. The serial lines 
have signal level interrupt logic and should be 
placed after multi-level devices on an LSI-1 1/23 sys- 
tem. Serial line 1 may be used as a console port, or, 
along with serial line 0, may be used with any of 
several standard types of serial communication de- 
vices. The 60 Hz clock signal can be selected by a 
wirewrap jumper to provide line-time clock inter- 
rupts on the bus. 

Peripherals 

LAV1 1 The LAV1 1 option consists of an LA180 DECprinter, 

an interface module, and a BC1 1S-25 interface ca- 
ble. The interface module provides interconnection 
between the LA180 DECprinter and the LSI-1 1 bus. 
The module outputs ASCII characters to the printer 
and monitors various printer operations that require 
operator control. 

LPV1 1 The LPV1 1 printer option consists of an interface 

module, an interface cable, and either an LP05 or 
LA180 line printer. Jhe interface module provides 
programmed control of data transfers and provides 
printer strobe signals appropriate for either printer. 
The LA180 DECprinter is a high-speed printer that 
prints 180 characters per second and the LP05 
printer can print 240 or 300 lines per minute, de- 
pending on which model is selected. 
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RKV1 1 -D The RKV1 1 -D option consists of an RK05 disk drive 

controller, an LSI-1 1 bus interface module, and an 
RK05J disk drive. The RK05 disk drive controller can 
be used with up to eight RK05J disk drive units to 
form a mass memory storage system that contains 
up to 21 M bytes of storage. The RKV1 1 -D system is 
block-oriented but is capable of transferring from 1 
to 2 16 consecutive data words without reinitiation or 
processor intervention. The data transfers occur 
from the RKV1 1 -D to the system memory by direct 
memory access (DMA) and operate at maximum bus 
bandwidth. The system can use either RK05J or 
RK05F disk drives and the controller can be mount- 
ed in a standard 48.3 cm (19 in.) cabinet. 

RLV1 1 The RLV1 1 option interfaces the LSI-1 1 bus with an 

RL01 disk drive controller and an RL01 disk drive 
assembly. The controller can only be used in an 
H9273-A type backplane which incorporates an LSI- 
1 1 bus in slots A and B, with an interboard bus in 
slots C and D. The controller can interface up to four 
RL01 disk drives for a complete system of 21 M bytes 
of storage. The RL01 disk drive is a random access, 
mass storage system that stores data in fixed length 
blocks on a preformatted disk cartridge. Each drive 
can store up to 5.24 million bytes and the complete 
system can store up^o 21 million bytes. The RLV1 1 
transfers data using direct memory access (DMA) 
techniques; this allows data transfers without proc- 
essor intervention and at bus (bandwidth speed. 

RXV1 1 The RXV1 1 option consists of an interface module, 

cable assembly, and either a single or dual drive 
RX01 floppy disk. This option is a random access 
mass storage device that stores data in fixed-length 
blocks on a preformatted flexible diskette. Each 
diskette can store and retrieve up to 256K, 8-bit 
bytes of data. The RXV1 1 system is rack mountable 
in the standard 48.3 cm (19 in.) cabinet. 

RXV21 The RXV21 floppy disk option is a random access 

mass memory device that stores data in fixed-length 
blocks on a preformatted, flexible diskette. Each 
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diskette can store and retrieve up to 51 2K 8-bit bytes 
of data. The RXV21 system is rack-mountable and 
consists of an interface module, an interface cable, 
and either a single or dual RX02 floppy disk drive. 
The interface module converts the RX02 I/O bus to 
the LSI-1 1 bus structure. It controls the RX02 inter- 
rupts to the processor, decodes device addresses 
for register selection, and handles the data inter- 
change between the RX02 and the processor via 
DMA transfers. Power for the interface module is 
supplied by the LSI-1 1 bus. 

TU58 The TU58 is a low-cost intelligent mass memory de- 

vice that offers random access to block-formatted 
data on pocket-size cartridge media. It is ideal as a 
small computer systems device, as inexpensive ar- 
chive mass storage, or as a software update distribu- 
tion medium. A dual drive TU58 offers 512 Kb of 
storage space, making it one of the lowest cost com- 
plete mass storage subsystems available. For 
mounting flexibility, the TU58 is offered both as a 
component level subsystem and as a fully powered 
5 1 /2" rack-mount subsystem. 

VK1 70-CA The VK1 70 module forms an integral part of a termi- 
nal. The module accepts serial ASCII encoded data 
to be stored in a refresh memory to generate a dis- 
play for a video monitor. The VK170 also accepts 
parallel data from a keyboard (on strobe demand) to 
generate serial ASCII output. The VK170 is an ex- 
tended-length, double-height, single-width board. 
Mounting holes are provided for stand-off mounting 
via handle rivets and two holes located near the 
module fingers. 
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Backplanes 

The four backplane options available for the LSI-1 1 bus are presented 
in the following paragraphs. 

H9270 A 4 x 4 (four rows of four slots each) backplane with 

card guide assembly. LSI-1 1 bus in rows A-B and C- 
D. Accepts 8 double-height modules or 4 quad- 
height modules or combinations of both. 

H9273-A A 9 X 4 (nine rows of four slots each) backplane with 

card guide assembly. LSI-1 1 bus in rows A-B only. 
Special interconnect bus in rows C-D.A ccepts dou- 
ble-height or quad-height modules. 

H9281 A 2-slot backplane available in 4-, 8-, or 1 2-siot op- 

tions. Accepts double-height modules only. 

DDV1 1 -B A 9 x 6 (nine rows of six slots each) backplane. LSI- 

1 1 bus in rows A-B and C-D. Rows E-F are unbussed 
except for +5V and ground. Accepts 18 double- 
height or 9 quad-height modules or combinations of 
both. 



Enclosures 

H909-C A 1 3.3 cm (5.25 in.) high, 48.3 cm (1 9 in.) wide enclo- 

sure which can be mounted in a 48.3 cm (19 in.) rack 
or as a stand-alone. Accommodates the DDV1 1-B 
backplane or a 9 X 6 system mounting unit or 
houses non-standard mounting arrangement. In- 
cludes cooling fan, cord guide, cable restraints, front 
bezel, and connector block. 

BA11-M A 8.9 cm (3.5 in.) high , 48.3 cm (19 in.) wide expan- 

sion box which can be mounted in 48.3 cm (19 in.) 
rack. Includes H9270 backplane, H780 power sup- 
ply, blank front panel or bezel, and cooling fan. 

BA11-N A 13.2 cm (5.19 in.) high, 48.3 cm (19 in.) wide 

mounting box which can be mounted in a 48.3 cm 
(19 in.) rack. Includes H9273-A backplane, H786 
power supply, H403-A ac input panel, blank front 
panel or bezel, and cooling fan. 
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BA11-VA 



Cabinets 

H984-B 



H9800-A 



The BA1 1-VA Is a small form-factor package provid- 
ing mounting space and power for four LSI-1 1 12 or 
LSI-1 1/23 family modules. This package, plus the 
high functionality of DIGITAL'S microcomputer prod- 
ucts, allows LSI-1 1 microcomputer applications to 
be implemented within a space smaller than that re- 
quired for many 8-bit systems. 



A low-profile cabinet with four casters. Provides 
mounting space for standard 48.3 cm (19 in.) panels 
and enclosures in rack at front or rear. Includes dis- 
tribution panel (115 Vac, 230 Vac) 

A low-profile system desk with casters. Provides 
mounting space for standard 48.3 cm (19 in.) panels 
and enclosures. Includes distribution panel (115 
Vac, 230 Vac) 



Power Supplies 

H780 



Provides +5V ±4%, 18 A (max) and +12V ± 3%, 3.5 
A (max) at 1 10 Vac and features line-time clock, and 
power-fail/automatic restart. Available primary 
power of 1 1 5 or 230 Vac and with or without master 
and slave console. 



Cables and Connectors 

Various preassembled cables in different lengths are 
available for use with interface and communications 
options. See Appendix C for commonly used cables. 

Wire-Wrappable Modules 

W9500 Series: LSI-1 1 Bus-Compatible Wire-Wrappable Modules 
(W9511, W9512, W9514 AND W9515) — The LSI-1 1 bus-compatible 
wire-wrappable modules consist of quad-height and double-height 
modules. Two LSI-1 1 bus-compatible modules are available without 
DIP sockets. 

W951 1 Quad-height, extended-length, single-width 

module with extractor handle. No DIP sock- 
ets included. One 40-pin male cable con- 
nector premounted on board and space for 
additional 40-pin connector provided. 



15 



INTRODUCTION 



Power and ground connections are 

V— AA2, BA2, CA2, DA2 

GND — AT1 , BT1 , CT1 , DT1 , AC2, BC2, CC2, 

DC2 

W9514 Same as W951 1 except with 58 pre-mount- 

ed DIP sockets. 

Power and ground connections are the 
same as W951 1 

W9512 Double-height, extended-length, single- 

width module with Flip-Chip handle. No DIP 
sockets included. One 40-pin male connec- 
tor premounted on board. 

Power and ground connections are 
GND— AT1.BT1.AC2, BC2 

W9515 Same as W9512 except with 25 pre-mount- 

ed DIP sockets. 

Power and ground connections are the 
same as W9512 



Integrated Circuits 

DCK1 1-AA, - The DCK11-AA and -AC CHIPKITs provide the logic 
AC necessary for a program transfer interface to the 

LSI-1 1 bus. The DCK1 1 -AA kit contains one DC003 
Interrupt Chip, one DC004 Protocol Chip, and four 
DC005 Transceiver/ Ad dress Decoder /Vector Select 
Chips. The DCK1 1-AC kit contains previous chips 
plus one W9512 double-height, extended length, 
high-density wire-wrappable module and one 
BC07D-10 ten-foot, 40-connector plug-in cable. 

The DCK1 1 -AB and -AD CHIPKITs provide the logic 
necessary for a Direct Memory Access (DMA) inter- 
face to the LSI-1 1 bus. The DCK1 1 -AB. The DCK11- 
AB kit contains one DC003 Interrupt Chip, one 
.DC004 Protocol Chip, four DC005 Transceiv- 
er/Address Decoder/Vector Select Chips, two 
DC006 Word Count/Bus Address Chips, and one 
DC01 0 DMA Control Chip. The DCK1 1 -AD kit con- 
tains the previous chips plus one W951 2 double- 
height, extended-length, high-density wire-wrappa- 



DCK1 1-AB, - 
AD 
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ble module and one BC07D-10 ten-foot, 40-connec- 
tor plug-in cable. DMA applications use the same 
chips as program control interfaces, plus two 
DC006s for word or byte address counters and a 
DC010 DMA bus control IC. 

Miscellaneous Options 

BDV1 1 The BDV1 1 module has 2K words of read-only mem- 

ory (ROM) that contains diagnostic and bootstrap 
programs. These programs are user-selectable by 
setting dip switches. The diagnostic programs will 
test the processor, the memory, and the user's con- 
sole. The bootstrap programs can boot most LSI-1 1 
peripheral devices. The module also has 120-ohm 
bus terminator circuits. 

The user can add up to 16K of read-only memory 
(ROM) and up to 2K words of erasable program- 
mable ROM (EPROM) on the module. This 18K 
words of additional memory can be used with no 
increase in the amount of I/O address space. 

The KPV1 1 -A module generates power-up and 
power-down sequences, monitors for a power-fail 
condition, and generates the line-time clock (LTC) 
function. The KPV11-B is the same as the "A" except 
that it provides 120-ohm termination circuits. The 
KPV1 1-C is the same as the "A" except that it pro- 
vides 220-ohm termination circuits. The module can 
be installed on any backplane or remotely installed 
via an optional cable. 

REV1 1 -A, -C The REV1 1 -C module has a bootstrap ROM and 

direct memory access (DMA) refresh circuits. The • 
REV11-A is identical to the REV1 1-C except it has 
additional 120-ohm termination circuits. 

TEV1 1 The TEV1 1 is a bus terminator module that provides ' 

120-ohm bus termination circuits. 



KPV11-A, -B, 
-C 
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Table 1 Module Specifications 



Option 
Desig. 



Module 
No(s). 



Description 



Power Requirements 
+ 5V +12V 
±5% ±3% 



Bus Loads* 
AC(Max) DC 



Size 



AAV11-A A6001 4-channel, 12-bit 1.5 A 0.4 A 

D/A converter 

ADV11-A A012 16-channel, 12-bit 2.0 A 0.45 A 

A/D converter 

BDV11 M8012 Bootstrap, 1.6 A 0.07 A 

terminator, 
diagnostic 

DDV1 1 -B 6X9 backplane 

DLV11 M7940 Asynchronous serial 1.0 A 0.18 A 

line interface 

DLV11-E M8017 Asynchronous line 1.0 A 0.18 A 

interface 

DLV11-F M8028 Asynchronous line 1.0 A 0.18A 

interface 

DLV11-J M8043 4 asynchronous 1.0 A 0.25 A 

serial interfaces 



1.9 

3.25 

2.0 

6.4 
2.5 

1.6 

2.2 

1 



Quad 
Quad 
Quad 

Double 
Double 
Double 
Double 



39 
O 

o 
c 
o 

H 

o 



* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in 
the manufacturing of the product. 



Table 1 Module Specifications 



Option 
Desig. 


Module 
No(s). 


Description 


Power Requirements 
+ 5V +12V 
±5% ±3% 


Bus Loads* 
AC(Max) 


DC 


Size 




DRV11 


M7941 


Parallel line unit 
imeriace 


0.9 A 


- 


1.4 


1 


Double 




DRV11-B 


M7950 


DMA interface 


1.9A 


- 


3.3 


1 


Quad 


Z 
H 


DRV11-J 


M8049 


64-line parallel I/O 


1.6A 


1.8A 


2.0 


1 


Double 


30 


DRV11-P 


M7948 


Foundation 

moauie 


1.0 A 

+ user logic 




2.1 


1 


Quad 


3DU 


r»i 1 
uuvn 


M7QR1 

ml yoi 


oyncnronous serial 
line interface 


0.86 A 


0.32 


1 nn 


i 


UUdU 


CTION 


DZV11 


M7957 


Asynchronous 
line interface 


1.15A 


0.39 A 


3.95 


1 


Quad 


H9270 




4X4 backplane 






5.1 


0 






H9273 




4x9 backplane 






2.6 


0 






H9281A 




2x4 backplane 






1.3 


0 






H9281B 




2x8 backplane 






2.4 


0 







* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used In 
the manufacturing of the product. 



Table 1 Module Specifications 



Option Module Power Requirements Bus Loads* 

Desig. No(s). Description +5V +12V 

±5% ±3% AC(Max) DC Size 



H9281C 




2 X 12 backplane 






3.6 


0 




IBV11-A 


M7954 


Instrument bus 
interface 


0.8 A 




1.9 


1 


Double 


KD11-F 


M7264 


LSI-11 CPU with 
4K RAM 


1.8A 


0.8A 


2.4 


1 


Quad 


KD11-H 


M7264-YA 


LSI-11 CPU 
without RAM 


1.6A 


0.25A 


2.4 


1 


Quad 


KD11-HA 


M7270 


LSI-11/2CPU 


1.0A 


0.22A 


1.7 


1 


Double 


KDF-11 


M8186 


LSI-1 1/23 CPU 


2.0A 


0.2A 


2.0 


1 


Double 


KPV11-A 


M8016 


Power-fail/line- 
time clock 


0.56 A 




1.63 


1 


Double 


KPV11-B 


M8016-YB 


Power-fail/line- 
time clock/1 20 fi 
bus terminator 


0.56 A 




1.63 


1 


Double 



3D 
O 

o 
c 
o 

H 

5 



These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in 
the manufacturing of the product. 



Table 1 Module Specifications 



Option 



Module 



Power Requirements 



Bus Loads* 



Desig. 


No(3). 


Description 


+ 5V 
±5% 


+ 12V 

±3% 


AC(Max) 


DC 


Size 


KPV11-C 


M8016-YC 


Power-fail/line- 
time clock/220 fi 
bus terminator 


0.56 A 


— 


1.63 


1 


Double 


KUV-1 1 


M8018 


WCS module 


3.0A 






1 


Quad 


KWV11-A 


M7952 


Programmable 
real-time clock 


1.75A 


0.01 A 


3.4 


1 


Quad 


LAV11 


M7949 


LA 180 line printer 
interface 


0.8 A 




1.8 


1 


Double 


LPV11 


M8027 


LA180/LP05 
printer interface 


0.8 A 


— 


1.4 


1 


Double 


MMV11-A 


G653 


4KX16core 
memory 

(standby current) 
(operating current) 


3.0 A 
7.0 A 


1.91 

0.2 A 
0.6 A 


1 


2 


Quads 


MRV11-AA 


M7942 


4KX 16 read-only 
memory (less 
PROM integrated 
circuits) 


0.4 AA 




1.8 


1 


Double 



H 
3) 
O 
D 

O 
H 

O 



These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in 
the manufacturing of the product. 



Table 1 Module Specifications 



Option 
Desig. 



Module 
No(s). 



Description 



Power Requirements 
+ 5V +12V 

±5% ±3% 



Bus Loads* 
AC(Max) DC 



Size 



MRV11-BA 



MRV11-C 
MSV11-B 

MSV11-CD 



(with 32 512X4 2.8 A 

PROM integrated 

circuts) 

(MRV11-AC) 

M8021 UV PROM- 0.58 A 

RAM (less PROM 
integrated circuits) 

(with81KX8 0.62 A 

PROM integrated 

circuits) 

(MRV11-BC) 

M8048 PROM/ROM module 0.8A 

M7944 4K X 1 6 read/write 0.6 A 

MOS memory 

M7955-YD 16K X 16 read/write 1.1 A 
MOS memory 



0.34 A 



0.5 A 



0.54 A 
0.54 A 



2.8 



2.0 
1.9 

2.3 



Double 



H 
3) 
O 

o 

o 



Double 
Double 

Quad 



* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in 
the manufacturing of the product. 



Table 1 Module Specifications 



Option 
Desig. 


Module 
No(s). 


Description 


Power Requirements 
+ 5V + 12V 

±5% ±3% 


Bus Loads* 
AC(Max) DC 


Size 




MSV11-D 


M8044 


4K/16K/32K 
MOS memory 


1.7 A 


0.34 A 


2.0 1 


Double 




MSV11-E 


M8045 


4K/16K/32K 
MOS memory 


2.0 A 


0.41 A 


2.0 1 


Double 


INTRO 


MVX/1 1 A 
m A V I |-M 




iviuiiiiUiiCiii/n muuuiu 


1.2A 


0.1A 


9 ft 0 


Don hi A 


REV11-A 


M9400-YA 


120 Q terminator, 
DMA refresh, 
bootstrap ROM 


1.6A 




2.2 1 


Double 


DUCT 


REV11-C 


M9400-YC 


DMA refresh, 
bootstrap 


1.6A 




2.2 1 


Double 


ION 


RKV11-D 


M7269 


LSI-1 1 Bus control 
for RKV11-D 


1.8A 




1.9 1 


Double 




RLV11 


M8013 
M8014 


RL01 disk 
drive 


6.5 A 


1.0 A 


3.2 1 


2 Quads 





* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in 
the manufacturing of the product. 



Table 1 Module Specifications 



Option 
Desig. 



Module 
No(s). 



Description 



Power Requirements 
+ 5V +12V 
±5% ±3% 



Bus Loads* 
AC(Max) DC 



Size 



RXV11 
RXV21 

TEV11 
TU58 

VK170 



M7946 
N8029 

M9400-YB 



RX01 interface 

Double density 
floppy interface 

1 20 terminator 

Serial/cartridge 
cassette 



CAM7142 Serial video module 



1.5A 
1.1A 

0.5 A 

0.75 
Appr. 

1.2A 



1.2A max 
0.15 



1.8 
2.0 



Double 
Doublel 

Double 



Double 



3) 
O 

o 
c 
o 

H 

5 



* These ac load figures were measured using standard TDR (time domain reflectometry) techniques. The conversion factor is 9.35 pF/ac 
load. These numbers are nominal values which will tend to vary from module to module due to normal tolerances of components used in 
the manufacturing of the product. 
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CONFIGURATION 

The LSI-1 1 bus permits a unified addressing structure in which con- 
trol/status and data registers for peripheral devices are directly ad- 
dressed as memory locations. All operations on these registers, such 
as transferring informaton to or from them or manipulating data within 
them, are performed by normal memory address instructions. The use 
of memory address instructions on peripheral device registers greatly 
increases the flexibility of input/output communications. 

Addresses 

All the options except memories have at least one control and status 
register and may have several data registers. Each register is assigned 
an address through which the option can communicate with the proc- 
essor. The upper 4K of memory address space is reserved for the 
processor and external input/output (I/O) registers. The user can se- 
lect any address (Appendix A) in the range of 160000 through 177776 
and assign it to the option interface module. The modules are 
configured to the desired address by selecting dip switches, connect- 
ing or disconnecting wire-wrap pins, or installing or removing wired 
jumpers on the module. 
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Figure 1 Module Dimensions 
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Control and Status Registers 

The general form for the control and status registers, shown in Figure 
2, does not necessarily apply to every device, but is presented as a 
guide. 
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Figure 2 Control and Status Registers 



Many devices require less than 16 status bits. Other devices will re- 
quire more than 16 and therefore will require additional status and 
control registers. 

The bits in the control and status registers are generally assigned as 
described below. 

Typical Control and Status Register 
Bit: 15-12 Name: Errors 

Function: Generally there is an individual bit associated with a spe- 
cific error. When more bits are required for errors, they can be ob- 
tained by expanding the error section in the word or by using another 
status word. Generally bit 15 is the inclusive-OR of all other error bits 
(If there is more than one). Most devices will have "hard" error 
conditions which will cause an interrupt if bit 6 is set. Some may also 
have "soft" errors (warning types) which do not cause immediate inter- 
rupts. 

Bit: 11 Name: Busy 

Function: Set to indicate that a device operation is being performed. 
Bit: 10-8 Name: Unit Select 

Function: Some peripheral systems have more than one device per 
control. For example, a disk system can have multiple surfaces per 
control and an analog-to-digital converter can have multiple channels. 
The unit bits select the proper surface or channel. 
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Bit: 7 Name: Done or Ready 

Function: The register can contain a done bit, a ready bit or a done- 
busy pair of bits, depending on the device. These bits are set and 
cleared by the peripheral device, but may be queried by the program 
to determine the availability of the device. 

Bit: 6 Name: Interrupt Enable 

Function: Set by the program to allow an interrupt to occur as a 
result of a function done or error condition. 

Bit: 5-4 Name: Memory Extension 

Function: Allows devices to use a full 1 8 bits to specify addresses on 
the bus. 

Bit: 3-1 Name: Device Function Bits 

Function: Specifies the operation that a device is to perform. 

Bit: 0 Name: Enable 

Function: Set to enable the device to perform an operation. 
Data Buffer Registers 

The data buffer register is used for temporarily storing data to be 
transferred into or out of the computer. The number and type of data 
registers is a function of the device. 

Interrupts 

Interrupts are requests, made by peripheral devices, which cause the 
processor to temporarily suspend its present (background) program 
execution to service the requesting device. Each device that is capable 
of requesting an interrupt must have a user-supplied service routine 
that is automatically entered when the processor acknowledges the 
interrupt request. After completing the service routine execution, pro- 
gram control is returned to the interrupted program. This type of oper- 
ation is especially useful for the slower peripheral devices. 

A device can interrupt the processor only when interrupts are enabled 
and services interrupts only when the appropriate PSW bits are 
cleared. Device priority is highest for devices electrically closest to the 
processor along the bus. Any device that can interrupt the processor 
can also interrupt the service routine execution of a lower priority 
device if the processor's priority is set during the execution; hence, 
interrupt nesting to any level is possible with this interrupt structure. 
Each device normally contains a control/status register (CSR), which 
includes an interrupt enable bit. A program must set this bit before an 
interrupt can be generated by the device. 
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Interrupt Vectors 

An interrupt vector associated with each device is hard-wired into the 
devices's interface/control logic. This vector is an address pointer that 
is transmitted to the processor duing the interrupt acknowledge se- 
quence, allowing automatic entry into the service routine without de- 
vice polling. The user can select an interrupt vector from the range of 
000 to 777 for any interrupting options. The module can be configured 
to the desired interrupt vector by either selecting dip switches, con- 
necting or disconnecting wire-wrap pins, or installing or removing 
wired jumpers on the module. 
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AAV11-A 



AAV11-A 4-CHANNEL 12-BIT D/A CONVERTER 
GENERAL 

The AAV11-A is a 4-channel, digital-to-analog converter module that 
includes control and interfacing circuits. It has four D/A converters, a 
dc-dc converter that provides power to the analog circuits, and a 
precision voltage reference. Each channel has its own holding register 
that can be addressed separately and provides 12 bits of resolution. 
These registers can be written and read, using either word or byte 
format. In addition, bits 0, 1, 2, and 3 of the fourth holding register are 
brought out to the I/O connector so they can be used as a 4-bit digital 
output register. 

FEATURES 

• Four 12-bit digital input channels, binary encoded for either unipolar 
mode or bipolar mode. 

• Jumper-selected output ranges and modes: 
Bipolar mode ±2.56 V, ±5.12 V, ±10.24 V 
Unipolar mode 0 to +5.12 V, 0 to +10.24 V 

• One part in 4096 resolution 

• 5V//us slew rate 

• ±5 mA drive capability per converter 
SPECIFICATIONS 

Identification A6001 
Size Quad 
Power +5.0 Vdc ±5% at 1 .5 A 



+ 12.0 Vdc ±3% at 0.4 A 



Bus loads 
AC 
DC 



1.9 
1.0 



Resolution 



12-bits (1 part in 4096) 



Number of D/A converters 



4 



Digital input 



12-bits (binary encoded for uni- 
polar mode; offset binary encod- 
ed for bipolar mode) 



Digital storage 



Read/write, word or byte opera- 
ble, single buffered 
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Output voltage range 
(jumper selected) 

Gain accuracy 

Gain temperature coefficient 
Offset temperature coefficient 

Linearity 

Differential linearity 
Output impedance 
Drive capability 
Slewing speed 

Rise and settling time (to 0.1% of 
final value) 



±2.56 V, ±5.12 V, ±10.24 V bipo- 
lar, 0 V to +5.12 V, 0 V to +10.24 
V unipolar 

Adjustable (factory set for bipolar 
±5.12 V) 

10 PPM per °C, max. 

20 PPM of full scale range per °C, 
max. 

± 1 /2 LSB max, non-linearity 
±Vz LSB, monotonic 
1 ohm max. 

±6 mA max. per converter 
5V/ M s 

4 fis (8 jus wth 5000 pF load in 
parallel with 1 kS2 



DESCRIPTION 
General 

The function of the AAV1 1-A module is to convert digital data input to 
an analog dc voltage output that is representative of the input. This is 
accomplished by the bus interface, the control logic, and the D/A 
converter functions as shown in Figure 1 . 
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Figure 1 AAV1 1 -A Block Diagram 




AAV11-A 



Bus Interface 

The logic associated with the bus interface section maintains proper 
communications protocol between the processor LSI-1 1 bus and the 
AAV11-A. This logic generates and monitors the bus signals Involved 
during data transfers between the processor and the AAV11-A, 
permitting the AAV11-A to recognize when it is being addressed by 
the processor (address defined by setting on the address switch pack) 
to accept input data from the processor, and to output data to the 
processor. 

Control Logic 

The AAV1 1-A has no control/status register. The four digital-to-analog 
converters continually generate voltages at their outputs that reflect 
whatever digital values have most recently been written into their re- 
spective holding registers. The role of the control logic is to make the 
necessary discriminations between requests to change the state of the 
holding registers (i.e., to write into the holding registers), and requests 
to put the holding register contents onto the BD lines where they can 
be picked up through the transceivers by the processor. 

DACs 0, 1,and2 

Digital-to-analog conversion functions are performed in each of the 
four AAV1 1-A channels by Identical circuits: 

• a holding register which stores the digital value output by the proc- 
essor 

• a digital-to-analog converter (DAC) proper which generates a cur- 
rent that is a function of the holding register value and of the 
mode/level jumper conditions 

• an amplifier that translates the current into a proportional voltage, 
provides a low output impedance for the channel, and permits ad- 
justment of signal offset 

DAC 3 

DAC 3 Is identical to DACs 0, 1, and 2 except that holding register bits 
0-3 are routed to the I/O connector as well as to the DAC. This ar- 
rangement permits these bits to be routed to external equipment that 
requires binary control signals at programmable intervals. Control da- 
ta in these bit positions affects any 12-bit D/A conversion that they 
coincide with, but since they involve the least significant bits of the 
word, the worst-case error is less than 0.5 percent. Consequently, 
DAC 3 can be used as a 12-bit DAC or as an 8-bit DAC plus four output 
bits for CRT Intensify, Store, Non-Store, Erase, etc. 
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CONFIGURATION 
General 

This section describes how the user can configure the module to func- 
tion within his system by setting dip switches (Figure 2) to obtain the 
desired device address. The voltage range for each D/A converter 
(DAC 0— DAC 3) can be configured independently by installing or 
removing the designated jumpers (Figure 2) associated with a specific 
D/A converter. This section also describes how to connect external 
devices to the module. The standard factory addresses for the 
registers are listed in Table 1 . 



Table 1 Standard Addresses 



Register 



Mnemonic 



Address 



Holding 0 
Holding 1 
Holding 2 
Holding 3 



DACO 
DAC 1 
DAC 2 
DAC 3 



170440 
170442 
170444 
170446 
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Figure 2 AAV1 1-A Connectors, Switches, and Jumpers 



Device Registers 

The device registers can be configured to respond to any address 
within the range 170000 to 177777. Each register address does not 
have to be individually set. The DAC 0 register address is selectable 
and the last digit will be zero. The remaining registers will use ad- 
dresses 17XXX2, 17XXX4, and 17XXX6 for DAC 1, DAC 2, and DAC 3 
registers, respectively. The factory-configured device address is 
170440 as shown in Figure 3. The word formats for the DAC registers 
are described in Table 2. Note that all device registers are always a 
sequence of four consecutive even locations. There is no vector used 
for this module. 

D/A Converter Range and Mode 

The range and mode (bipolar or unipolar) voltages can be selected by 
the user inserting or removing jumpers as shown in Figure 2. Four 
jumpers are associated with each D/A converter. The module is facto- 
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ry-configured for -5.12 to +5.12 V bipolar operation. The jumper 
configuations for the bipolar mode ranges are shown in Table 3; the 
unipolar ranges are shown in Table 4. 



16 14 13 12 11 10 



07 06 05 04 03 02 01 00 



BDAL 
BIT 

POSITION 



STANDARD ADDRESS 

CONFIGURATION OFF OFF OFF ON OFF OFF ON OFF OFF 

(170440) 



ADDRESS SWITCH 
(S1I 



LOGICAL 1 <- ON 
LOGICAL 0= OFF 



1 I I I I 1 1 i i 



9 


8 


7 


6 


6 


4 


3 


2 


1 



Figure 3 Address Selection 



Table 2 DAC Word Formats 



Bit 


DAC 0, DAC 1, DAC 2 


DAC 3 


15-12 


Not used 


Not used 


11 


Binary 11 


Binary 11 


10 


Binary 10 


Binary 10 


9 


Binary 9 


Binary 9 


8 


Binary 8 


Binary 8 


7 


Binary 7 


Binary 7 


6 


Binary 6 


Binary 5 


5 


Binary 5 


Binary 5 


4 


Binary 4 


Binary 4 


3 


Binary 3 


Binary 3/Control 3 


2 


Binary 2 


Binary 2/Control 2 


1 


Binary 1 


Binary 1 /Control 1 


0 


Binary 0 


Binary O/Control 0 
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Table 3 Jumper Configurations for Bipolar Operation 





±2.56 V 


±5.12 V 


±10.24 V 


DAC1 








W3 


IN 


IN 


OUT 


\AIA 

W4 


OUT 


/*\| it 

OUT 


IN 


W5 


IN 


OUT 


OUT 


W6 


IN 


IN 


IN 


DAC2 








W7 


IN 


IN 


OUT 


Wo 


OUT 


OUT 


IKI 

IN 


W9 


IN 


OUT 


OUT 


W10 


IN 


IN 


IN 


DAC3 








W11 


IN 


IN 


OUT 


W12 


OUT 


OUT 


IN 


W13 


IN 


OUT 


OUT 


W14 


IN 


IN 


IN 


DAC4 








W15 


IN 


IN 


OUT 


W16 


OUT 


OUT 


IN 


W17 


IN 


OUT 


OUT 


W18 


IN 


IN 


IN 
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AAV11-A 

Jumper Configurations for Unipolar Operation 



OV— +5.1 2 V OV— +1 0.24 V 



DAC1 

W3 IN IN 

W4 OUT OUT 

W5 IN OUT 

W6 OUT OUT 

DAC2 

W7 IN IN 

W8 OUT OUT 

W9 IN OUT 

W10 OUT OUT 

DAC3 

W11 IN IN 

W12 OUT OUT 

W13 IN OUT 

W14 OUT OUT 

DAC4 

W15 IN IN 

W16 OUT OUT 

W17 IN OUT 

W18 OUT OUT 



J1 Output Connections 

Analog output devices such as oscilloscopes may be either grounded 
or floating. If the oscilloscope is grounded, either through its power 
plug or through contact between its chassis and a grounded cabinet, 
the oscilloscope ground should not be connected to any of the AAV11- 
A ground pins. Doing so may result in a ground loop which will ad- 
versely affect oscilloscope control results as well as ADV11-A opera- 
tion (if used). If the oscilloscope is floating, its ground should be con- 
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nected to the AAV11-A logic ground, J1 pins L, N, R, or T. Note that the 
foregoing assumes that the LSI-1 1 power suppy ground is connected 
to power line (earth) ground. If continuity checks reveal no such 
connection, attach a length of 12-gauge wire between the power sup- 
ply ground and a convenient point associated with earth ground. 

Oscilloscope X and Y inputs may be either differential or single-ended. 
Differential inputs should be driven as in Figure 4. 



DAC I HQ GND - 
OAC 2 HO GND - 
DAC 3 HO GND - 
-t5V TEST - 
•H5V TEST - 
DAC 0 HO GND - 



- BIT 3 OUT 
-BIT 2 OUT 
-BIT t OUT 

- BIT 0 OUT 

- DAC 3 OUT 

- DAC 2 OUT 
-DAC 1 OUT 
- DAC 0 OUT 



Figure 4 Connection to Oscilloscope with Differential Input 



When oscilloscopes with single-ended inputs are involved, the AAV11- 
A analog grounds (pins UU and HH) are not used. The return path for 
X and Y signal currents is through ground for a grounded oscilloscope 
or through logic ground (pins L, N, R, or T) for a floating oscilloscope. 
Since the grounded, single-ended oscilloscope receives an input volt- 
age which is the sum of the AAV 11 -A output and the ground difference 
voltage between the oscilloscope and the AAV11-A, noise and line 
frequency errors may be minimized by plugging the oscilloscope into 
an ac socket as close as possible to the LSI-1 1 system. Running sin- 
gle-ended oscilloscopes in a floating configuration will eliminate noise 
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and line frequency errors which are due to ground voltage differences. 

The effect of magnetic coupling into the oscilloscope input lines can 
be minimized for a differential-input oscilloscope by running the 
AAV11-A output and its return line in a twisted pair. No benefit is 
derived from a twisted pair with a single-ended oscilloscope input. 

The effect of electrostatic coupling into the oscilloscope input lines 
can be minimized by shielding the input lines from AAV11-A to the 
oscilloscope. The shield should be connected to ground at one end 
only. Grounding the shield at both ends may result in a ground loop 
which will adversely affect oscilloscope control results and any 
ADV1 1-A A/D operations (if used). 

Careful selection of cabling is essential. The D/A outputs are capable 
of driving a maximum of 5000 pF. Output impedance is 1 ohm. Output 
current limit is 5 mA. 

Optional Equipment 

Figure 5 illustrates the H854 40-pin connector pin assignments for 
user outputs. These pins may be connected to the optional H322 dis- 
tribution panel for convenient user access via an optional BC08R 
cable. The optional BC04Z is available for applications which require 
an unterminated cable. One end is terminated with an H856 connector 
that mates with the H854 connector on the AAV11-A module. The 
other end is an unterminated ribbon cable. The BC04Z cable is avail- 
able in lengths of 3.05 m (10 ft), 4.5 m (15 ft), and 7.6 m (25 ft). 

PROGRAMMING 

All four DAC holding registers are automatically set to zero on system 
initialization. This produces -5.12 V at the DAC outputs when the 
mode/level jumpers are connected as delivered from the factory. Any 
holding register value remains in effect until changed by the processor 
in response to a program instruction. Coding to the D/A converters is 
offset binary for bipolar operation and straight binary for unipolar 
operation. Offset binary defines 0 as maximum negative voltage, mid- 
point (i.e., 4000 8 for the 12-bit AAV11-A) as 0 V, and all 1s (7777 8 ) as 
maximum positive voltage. These relationships are illustrated in Table 
5. 
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X OUT (PIN VV) 



ANALOG GROUND (PIN UU) 



o 7 



Y OUT [PIN TT) 



ANALOG GROUND (PIN H H) 



OSCILLOSCOPE 



"Or 



Figure 5 J1 Connector Pin Assignments 



Table 5 AAV1 1 -A Digital-to-Analog Conversions* 



Bipolar 



Unipolar 



Input 



OVto 



OVto 



Code 


±2.56 V 


±5.12 V 


±10.24 V 


+5.12 V 


+10.24 V 


(octal) 


(volts) 


(volts) 


(volts) 


(volts) 


(volts) 


0000 


-2.56 


-5.12 


-10.24 


+0.0 


+0.0 


0001 


-2.55875 


-5.1175 


-10.235 


+0.00125 


+0.025 


3777" 


-0.00125 


-0.0025 


-0.005 


+2.55875 


+5.1175 


4000 


0.0 


0.0 


0.0 


+2.56 


+5.12 


4001 


+0.00125 


+0.0025 


+0.005 


+2.56125 


+5.1225 


7777 


+2.55875 


+5.1175 


+ 10.235 


+5.11875 


+10.2375 



' Offset binary for bipolar, straight binary for unipolar operating modes. Con- 
versions may be made between 2's complement signed binary and offset 
binary numbers by subtracting 4000 8 from the 2's complement number (or 
adding 4000 8 to the offset binary number) and using only the low-order 12 
bits of the result. 

** Note that in all ranges, actual maximum positive voltage output is 1 LSB less 
than nominal maximum positive output. 
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ADV11-A ANALOG TO DIGITAL CONVERTER 
GENERAL 

The ADV11-A is a 12-bit successive approximation analog-to-digital 
converter that samples analog data at specified rates and stores the 
digital equivalent value for processing. A multiplexer section can ac- 
commodate up to 16 single-ended or 8 quasi-differential inputs. The 
converter section uses a patented auto-zeroing design that measures 
the sample data with respect to its own circuitry offset and therefore 
cancels out its own offset error. 

A/D conversions are initiated by program command, clock overflow, 
or external events. The program control is determined by the control 
and status register (CSR). The clock overflow command is supplied by 
the KWV11-A option. External event inputs can originate at the user's 
equipment or from the Schmitt trigger output on the KWV1 1-A clock. 
The digital data output is routed through a buffer register to the bus, 
from which it can be transferred into memory. This buffer optimizes 
the throughput rate of the converter. 

Three reference signals are provided for self-testing on any channel 
input: two dc levels and one bipolar triangular waveform. This output 
can be used with DIGITAL diagnostic software to produce a data base 
for extremely thorough and precise analog linearity testing. 

FEATURES 

• 16-channel multiplexer 

• Sample-and-hold functions 

• Auto-zeroing technique 

• Buffered data output 

• Self-testing features 

SPECIFICATIONS 

Identification 
Type 
Power 

Bus Loads 
AC 
DC 



A012 
Quad 

+5 Vdc ±5% at 2.0 A 
+12Vdc ±3% at 450 mA 

3.25 
1 
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Inputs 

Analog input protection Fusi 



Logic input protection 



Analog input full scale range 
(FSR) 

Analog input dynamic resistance 
(Vin ^ 5.12 V) 

Analog input bias current 
(Vin <, 5.12 V) 

Logic input voltages 
Logic input currents 

Logic input rise/fall time 

Coding 

A/D Converter 
Resolution 

Format 



resistor guaranteed to 
open at ±85 V within 6.25 sec- 
onds. Guaranteed not to open 
from -25 V to +20 V at the input. 
Overload affects no components 
other than the fusible resistor on 
the overloaded channel; no other 
channels are affected. 

Fusible resistor guaranteed to 
open at ±25 V within 6.25 sec- 
onds. Guaranteed not to open 
from -4 V to +9 V at the input. 

10.24 V bipolar (-5.12 V to 
+5.12 V) 

100 MS2 minimum 

50 nA, maximum 

Low = 0.0 to +0.7 V 
High = +2Vto +5V 

Low = -6.8 mA at 0 V 
High = +1.3 mAat+5V 

400 ns maximum 



12 bits, binary weighted (2.5 mV 
nominal) 

Parallel offset binary, right 
justified 

Input Voltage 

+FS-1 LSB 
0 

-FS 

Output Code 

7777 
4000 
0 
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Vernier D/A 
Resolution 

Format 



(FS = 5.12 V; 
1 LSB = 2.5 mV) 

8 bits, binary weighted 
Offset binary encoded 

Input Code 

377 
200 
0 

Approximate 
Offset Voltage 

+2.5 A/D LSB (+6.4 mV) 
0 

-2.5 A/D LSB (-6.4 mV) 



Performance 

Gain error 

Offset error 
Differential linearity 

integral linearity 
Temperature coefficients 



Noise 



Warm-up time 

Timing 

External start 



Adjustable to zero 

Adjustable to zero 

No skipped states; no states wid- 
er than 2 LSB. 99% of state 
widths ± 1 / 2 LSB 

±1 LSB, maximum non-linearity 
(referenced to end points) 

Gain = 6 PPM per °C 
Linearity = 2 PPM of full-scale 
range per °C 

Offset = 7.5 PPM of full-scale 
range per °C 

Module = 0.4 LSB rms; 2 LSB 
peak 

System = 0.5 LSB rms; 2 LSB 
peak 

5 minutes, maximum 



Low level pulse, 50 ns minimum 
to 10/iS maximum; conversion 
starts on leading edge 
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Synchronization 

Conversion time 

Transition interval 
(reacquisition interval between 
end of conversion or channel 
change and start of new conver- 
sion) 



OtoT 

16 T (T = Clock period = 2 ps) 
9 ms 



Test Signals 

The ADV11-A provides three output voltages for test purposes: 

1 . Positive dc level, +4.4 V (±15%) 

2. Negative dc level, -4.4 V (±15%) 

3. Triangular wave, 15 Hz nominal (±15%) 



DESCRIPTION 
General 

The function of the ADV1 1-A module is to convert analog input data to 
a 12-bit digital word that is representative of the input. This is done by 
the channel selection, control logic, A/D converter, and bus interface 
functions as shown in Figure 1. 



48 



CHANNEL SELECTION 



'. A-D CONVERSION 



CO 



CHO:7_N. LOW 
ANALOG J MUX 
INPUTSIS)-^ ( + ) 



CH 10:17-^ HIGH 
ANALOG > MUX |— 1 
I INPUTS (8) -)/ (-1 



Iadzcl ^ 



I' MU 



1^1 



MUX BUFFER AMP 



m 

HIGH CHANI 

SELECT J 



L 




r 



INTERFACE FUNCTIONS 



4 



BUS DATA /ADDRESS 00:15 



ADDRESS 
SWITCH 
PACK 



VECTOR 
VECTOR H 



VECTOR 
SWITCH 
PACK 



TRANSCEIVER 



BD 08 :11 



I 



[""control" 



V 7 



ty////////////////////^ 



CNTL J J/J | c >- 1 SELECT 



MISC. 
CONTROL 
LOGIC 



LOW 

CHANNEL 
SELECT 

HIGH 

CHANNEL 
SELECT 

■ LOW ENABLE 
. HIGH 

ENABLE 

■ AOZC L 
HOLD 
CNTL 
VECTOR H 



Figure 1 ADV1 1 -A Functional Block Diagram 



> 

< 



ADV11-A 



Channel Selection 

Channel selection is accomplished under program control by two 8- 
channel multiplexers and is a function of the data asserted in bits 8 
through 1 1 of the control /status register (CSR). Each of the 16 analog 
input channels is routed to the single output channel through a MOS 
field-effect transistor which acts as a normally open switch. During the 
sample interval, the data pattern in CSR bits 8 through 1 1 selects one 
of these transistors and causes it to change from a condition of nearly 
infinite resistance (1 GQ or more) to one of very low resistance (1000 Q 
or less). Since in the selected state the transistor conducts current 
within the ±5.12 V limits equally well in both directions, it now func- 
tions as a closed switch, effectively routing to the output line whatever 
analog signal is connected to its input. 

A/D Conversion 

A/D conversion can be initiated in three ways: under program control, 
on overflow from the KWV11-A real-time clock, or on external input. 
When a conversion is completed or the control program writes a multi- 
plexer address into the CSR, the control logic initiates the transition 
interval, a delay of about 9 us to allow the multiplexer adequate selec- 
tion and settling time and to permit a valid representation of the signal 
level to be established in the sample circuit. If no A/D start signal has 
occurred by the time the transition interval has elapsed, the sample 
circuit merely follows the signal transmitted to it through the selected 
multiplexer channel and waits for an A/D start signal. When an A/D 
start signal occurs— or at the end of the transition interval if A/D start 
was previously generated by the writing of the CSR GO bit— the 
sample-and-hold circuits are switched to hold, sustaining the sampled 
level for the next step. The multiplexer output is then set to its hold 
condition, i.e., to ground if the single-ended (SE) input is set low for 
single-ended measurement, or to the second differential input (return 
line) if the SE input is not set low. Note that if an external or clock start 
signal occurs during the transition interval, conversion starts immedi- 
ately, without waiting for the transition interval to be completed. Bit 15 
of the CSR (A/D Error) is set, however, and an interrupt is generated if 
Bit 14 (Error Interrupt Enable) is set— alerting the program that con- 
versions are occurring too fast and are consequently liable to be in 
error. 

Under normal conditions, it is not until the transition interval is com- 
plete that the measurement process is begun. The successive approx- 
imation register (SAR) is cycled through 13 states by the clock. In the 
first state, its output code involves only the most significant bit (MSB) 
of the 12-bit SAR word. This output code causes the feedback digital- 
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to-analog converter to generate an output equivalent to that produced 
by the hold circuits in response to a sample voltage of 0. The digital-to- 
analog converter output is summed with that produced by the hold 
circuits and with that coming from the grounded multiplexer output 
(single-ended mode) or from the second differential input (quasi- 
differential mode). If the current from the summing mode is negative, 
the first approximation was too low, and the comparator signals the 
SAR to maintain the state of bit 1 1 and repeat the process with bit 10. If 
the current from the summing mode is positive, the first approximation 
is too high, and the SAR changes the state of bit 1 1 before cycling to 
the second approximation. This process continues until all 12 bits in 
the word have been set, tested, and if necessary, changed. The 13th 
state (end of conversion, or EOC) indicates that the measurement is 
complete and that the SAR now contains an offset binary equivalent of 
the sampled voltage and may therefore be transferred to the proces- 
sor. EOC causes the sample-and-hold circuits to return to the sample 
mode and to reset the SAR, preventing further SAR activity until the 
occurrence of the next hold condition. 

Note that because the reference point against which the sample volt- 
age is compared is at the output of the multiplexer itself rather than 
internal to the sample-and-hold circuits, all offset voltages generated 
by the intervening circuits are common to both sample-and-hold con- 
ditions and are therefore cancelled out of any measurement. In single- 
ended mode, grounding the multiplexer output (and thereby esta- 
blishing this reference point) is identified as auto-zeroing the 
converter. 

Bus Interface 

In addition to stopping the SAR clock and re-establishing the sample 
mode, the end-of-conversion signal also initiates the process that 
causes the SAR data to be transferred to the processor. Since this 
operation takes a finite amount of time which would interfere with 
subsequent measuring operations, the SAR data is first transferred to 
a holding device, the data buffer register (DBR) where it will remain 
until the processor can be notified to read the conversion data for 
processing. In the meantime, the channel selection and A/D conver- 
sion circuits can begin the next measurement as dictated by con- 
trol/status register (CSR) bit conditions controlled by the processor. 

Included in the ADV11-A interface is an extension of the DBR de- 
signed to accept 8-bit write information from the bus data/address 
lines. This buffer permits programmed setting of the vernier DAC. Also 
included are transceivers that connect the bidirectional bus data lines 
to the LSI-1 1 bus data/address lines. Associated with these transceiv- 



51 



ADV11-A 



ers are switches that let device and vector addresses be assigned to 
any given ADV11-A. 

Control Logic 

As the above discussion suggests, a large number of signals must be 
precisely orchestrated each time the ADV1 1-A executes a conversion. 
The control logic contains an assortment of gates, latches, read-only 
memories, and timing circuits designed to ensure that 1) multiplexer 
channels are properly selected, 2) sample durations are of adequate 
length, 3) conversions are not initiated during uncompleted previous 
conversions. In general, the user need not attend to any but the most 
elementary details of the conversion process, e.g., making necessary 
connections to the system and writing control programs that make 
appropriate use of the CSR. 

CONFIGURATION 
General 

This section describes how the user can configure the module to 
function within his system by setting dip switches S1 and S2 (Figure 2) 
to obtain the desired device address and interrupt vector as described 
in Table 1. When a jumper wire is inserted between the lugs, the 
single-ended inputs (16 channels) are selected. When the wire is re- 
moved, quasi-differential inputs are selected. 
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Figure 2 ADV1 1-A Connectors and Switches 



Table 1 Standard Assignments 



Description 



First Second 
Module Module 
Mnemonic Address Address 



Registers 

Control and Status 
Data Buffer 

Interrupt Vectors 

Conversion Complete 
Error 



CSR 
DBR 



170400 
170402 

400 
404 



170420 
170422 

410 
414 
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Registers 

The control and status register (CSR) address can be selected in the 
range of 170000 to 177774 by using the S2 dip switch as shown in 
Figure 3. Switch S2 is factory-set at 170400, which is the recommend- 
ed address as illustrated in Figure 3. The functions of the CSR bits are 
shown in Figure 4 and detailed in Table 2. 



CSR ADDRESS FORMAT 
IS 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1111 



STANDARD ADDRESS I I I I I I I I I I 
CONFIGURATION OFF OFF OFF ON OFF OFF OFF OFF OFF OFF 
(170400) 



CSR ADDRESS 
SWITCH (S2) 



1 1 1 1 1 1 1 1 1 1 



Figure 3 CSR Switch-Selectable Address 



15 14 13 12 



08 07 06 05 04 03 02 01 00 



ERR 



CLK 
START 
EN A 



Figure 4 CSR Bit Format 
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Table 2 CSR Bit Functions 



Bit Description 

1 5 A/D Error (Read/ Write)— The A/D Error bit may be 

program set or cleared and is cleared by asserting 
BINIT L. It is set by any of the following conditions: 

1 . Attempting an external or clock start during the 
transition interval. 

2. Attempting any start during a conversion in 
progress. 

3. Failing to read the result of a previous conver- 
sion before the end of the current conversion. 

14 Error Interrupt Enable (Read/Write)— When set, en- 

ables a program interrupt upon an error condition 
(A/D Error). Interrupt is generated whenever bits 14 
and 15 are set, regardless of which was set first. 

13-12 Not used. 

1 1 -8 Multiplexer Address (Read/Write)— Contains the 

number of the current analog input channel being 
addressed. 

7 A/D Done (Read)— Set at the completion of a con- 

version when the data buffer is updated. Cleared 
when the data buffer is read by asserting BINIT L. If 
enabled, interrupts are requested simultaneously by 
both bits 7 and 15; bit 7 has the higher priority. 

6 Done Interrupt Enable (Read/Write)— When set, en- 

ables a program interrupt at the completion of a con- 
version (A/D Done). Interrupt is generated when bit 7 
and bit 6 are both set regardless of sequence. 

5 Clock Start Enable (Read/Write)— When set, en- 

ables conversions to be initiated by an overflow from 
the clock option. 

4 External Start Enable (Read/Write)— When set, 

enables conversions to be initiated by an external 
signal or through a Schmitt trigger from the clock 
option. 
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Table 2 CSR Bit Functions (Cont) 



Bit Description 



3 ID Enable (Read/Write)— When set, causes bit 1 2 of 

the data buffer register to be loaded to 1 at the end 
of any conversion. 

2 Maintenance (Read/Write)— When set, loads all bits 

of the converted data output equal to multiplexer 
address LSB (bit 8) at the completion of the next 
conversion. Cleared by asserting BINIT L. Used for 
all Os and all 1s = test of A/D conversion logic. 

1 Not used 

0 A/D Start (Read/Write)— Initiates a conversion when 

set. Cleared at the completion of the conversion and 
by asserting BINIT L. 



The data buffer register (DBR) address will be the next even address 
following the selected CSR address. This address has two separate 
DBR registers: one read-only and the other write-only. The functions 
of the register bits are shown in Figure 5 and described in Table 3. 



VERNIER 0/A (WRITE) 



CONVERTED DATA (READ) 



Figure 5 DBR Bit Format 
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Table 3 DBR Bit Functions 



Bit Function 



Read-Only 

15-13 Not used. Should read as 0. 

12 ID— When ID Enable (bit 3) of the CSR has been set, 

DBR bit 12 will be set to 1 at the end of the conver- 
sion. 

1 1 -0 Converted Data— These bits contain the results of 

the last A/D conversion. 

Write-Only 

15-8 Not used. 

7-0 Vernier D/A— These bits provide a programmed off- 

set to the converted value (scaled 1 D/A LSB = 1/50 
A/D LSB). The hardware initializes this value to 200 8 
(mid-range). Values greater than 200 8 make this in- 
put voltage appear more positive. 



Vector Interrupt 

The A/D conversion complete interrupt vector is set by dip switch S1 
(Figure 2). Any address in the range of 000 8 to 777 8 can be selected by 
the user. The switch is factory-configured for400„ , the recommended 
vector, as shown in Figure 6. The error interrupt vector will be four 
words higher than the A/D conversion complete interrupt vector. 
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15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



STANDARD VECTOR 
CONFIGURATION 
(400) 

VECTOR 
SWITCH 
IS1I 



ON OFFOFF OFF OFF OFF 

MUM 



Figure 6 Interrupt Vector 



Mode Control 

The ADV11-A is equipped with the jumper lugs (Figure 2) that permit 
changing the operating mode from quasi-differential (no connection) 
to single-ended (jumper installed). The single-ended mode can also 
be selected by connecting H854 connector pin C to logic ground. This 
alternative is provided to permit convenient external mode selection in 
installations that require frequent alteration between one mode and 
the other. 

Analog Input Interfacing 

Single-Ended Mode — Single-ended analog input signals for the 
ADV11-A may be of two types, grounded and floating. A grounded 
input is one whose level is referenced to the ground of the instrument 
that is producing it, as illustrated in Figure 7. Since the instrument may 
be located at a distance from the computer, there may be some volt- 
age difference between the instrument ground and the computer 
ground. The voltage seen by the ADV11-A will be the sum of the 
undesired ground difference voltage and the desired instrument sig- 
nal voltage. In cases where such differences are encountered, they 
can be minimized by plugging the instrument into an ac outlet as close 
as possible to that providing power to the computer. Do not run a wire 
from user's ground to the ADV11-A analog ground. Such a wire can 
cause ground loop currents which affect results not only on the input 
channel in question, but also on other channels. 
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USER'S SOURCE VOLTAGE 



USER'S 
GROUND 



Figure 7 Single-Ended Input Referenced to User's Ground 



A floating input is one whose signal voltage is developed with respect 
to a point not connected to ground, as illustrated in Figure 8. The 
identifying characteristic of a floating source is that connecting the 
signal return to the ADV11-A ground does not result in a current path 
between the ADV1 1 -A ground and the instrument ground. 

Note that the return of a floating input must be connected to one of the 
ADV11-A's analog ground terminals. Ground points may be shared 
among channels, as illustrated by the battery-powered sources in the 
figure. 
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BATTERY P 
SOURCE 

l 


OWERED 


T i 





INSTRUMENT WITH 
ISOLATION TRANS - 
FORMER AND 
FLOATING SECONDARY 



ni 



HO GROUND 



Figure 8 Floating ADV1 1-A Input Signals 



Quasi-Differential Mode — The "quasi" prefix in "quasi-differential" 
can best be explained by reviewing a true differential operation. A true 
differential input involves two signal lines connected to a differential 
amplifier so that the output of the device is a function of the instan- 
taneous difference between the voltages on the two signal lines. One 
advantage of such a configuration is illustrated in Figure 9. 

Figure 9A assumes a single-ended generating device that produces a 
signal, V s with respect to its ground and is situated sufficiently far 
enough away from the receiving device for a significant noise voltage, 
V n , to be developed in the power distribution ground lines. The result 
is that, at any given instant, the differential amplifier in the receiving 
device sees both the signal voltage and the noise voltage. Its output, 
V 0 , is a function of V s + V n and is in error with respect to V s alone. 
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Figure 9 Single-Ended vs. True Differential Input Modes 



Figure 9B illustrates the same device connected in true differential 
mode. The same noise voltage exists in the power distribution ground 
system, except the generating device ground is connected directly to 
the negative input of the receiving differential amplifier. Because the 
instantaneous noise voltage is common to both the + and - inputs, it 
is cancelled out of the final amplifier output. V 0 now provides a valid 
representation of V s alone. 

Figure 10 illustrates the ADV11-A operating in the quasi-differential 
mode. 

The major contrast between true differential operation as described 
above and the operation of the ADV1 1-A in differential mode is that in 
the latter, the two sides of the signal are not simultaneously input to a 
differential amplifier. Rather, their difference is established by a se- 
quential operation that first samples the voltage at one of the two 
inputs and then, holding this value fixed, in effect subtracts it from the 
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voltage at the second input. For near dc conditions, this procedure 
produces a result like that of true differential operation (i.e., the output 
is a function of the difference between the two input voltages, and 
common mode voltages are cancelled out). 

Because of a significant time lapse, however, between taking the sam- 
ple and completing the final approximation, a possibility for error is 
introduced by the ADV11-A that increases as a function of common 
mode signal frequency. The result is that the common mode rejection 
ratio, while essentially infinite at dc, rolls off for ac signals, and is about 
40 dB at 60 Hz line frequency. Also, because the holding action of the 
sample-and-hold circuit is, in effect, only on the first (non-inverting, 
signal) input, but not on the second (inverting, return) input, the 
voltage rate of change on the second input should be kept below 25 
mV/rms. This is the slope that results in a quarter-LSB change during 
the conversion interval. Such a rate of change corresponds to 125 mV 
peak-to-peak at 60 Hz line frequency. This dynamic response differ- 
ence between the two inputs requires distinguishing the ADV11-A's 
differential mode from true differential operation. Hence the term 
"quasi-differential." 




Figure 1 0 ADV1 1 -A Quasi-differential Mode 
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Installation Precautions 

As a preliminary step, confirm that the computer power supply ground 
is connected to power line (earth) ground. If continuity checks reveal 
no such connection, attach a length of 12-gauge wire between the 
power supply ground and a convenient point associated with earth 
ground. 

Twisted Pair Input Lines — The effects of magnetic coupling on the 
input signals may be reduced for floating single-ended or differential 
inputs by twisting the signal and return lines in the input cable. If the 
inductive pickup voltages of the two leads match, the net effect seen at 
the ADV11-A input is zero. Use of twisted pairs has no effect with a 
single-ended non-floating signal (referenced to ground at the instru- 
ment end). 

Shielded Input Lines — The effects of electrostatic coupling on the 
input signals may be reduced by shielding the signal wires. This is 
especially important if the instrument or transducer has high source 
impedance. To prevent the shield from carrying current and thus de- 
veloping ground loop voltages within the ADV11-A, connect it to 
ground at the instrument end only. 

Allowing for Input Settling with High Source Impedance — All solid- 
state multiplexers inject a small amount of charge into their input lines 
when changing channels. This causes a transient error voltage that is 
discharged by the source impedance of the input signal. The ADV1 1 -A 
has this characteristic, and also injects a small charge into the select- 
ed input line at the end of each conversion when the auto-zero switch 
is turned off. After any channel change and after any conversion, the 
ADV11-A's control allows a 9-^s interval (identified as the transition 
interval) during which conversions cannot start without generating er- 
ror conditions. Normally, this is sufficient time for the input transient to 
settle out. 

More time may be needed, however, when the multiplexer is switching 
into an input channel with high source impedance, particularly when 
large amounts of shunt capacitance exist in the interconnecting ca- 
bles. Avoid products with source impedance/cable shunt capacitance 
greater than 1 us whenever conversions are to be made at maximum 
rate with less than Vz LSB error. This means that cable shunt capa- 
citance for a 1000 fi source should not exceed 1000 pF (10 3 x 10" 9 = 
10" 6 ), that shunt capacitance for a 100 fi source should not exceed 
0.01 nF (10 2 x 10" 8 = 10" 6 ), etc. Assuming twisted pair cable 
capacitance of 50 pF/foot, these constraints translate into a maximum 



63 



ADV11-A 

run of 20 feet from a 1000 ft souce, 200 feet from a 100 source, etc. 
Note that these values are consistent with good practice for avoiding 
noise pickup in long cable runs. Note also that settling errors can be 
eliminated by increasing the time between conversions or incorporat- 
ing a software delay between channel changes and program start 
commands. 

Connections 

Figure 1 1 illustrates the location of user connectors and switches on 
the component side of the ADV1 1 -A board. 

Analog input signals are input to the ADV11-A through the 40-pin 
connector. Pin assignments for the connector are shown in Figure 1 1 . 
The proper H856-to-H856 cable is the BC08R; The proper H856 to 
prepared open-ended cable is the BC04Z. 



LOGIC GNO 

SINGLE ENDED L 
ANALOG GNol 



ANALOG GND J 



- 15V TEST ■ 
♦ 15V TEST ■ 



■ EXT START L 



- RAMP 

- -4.5V 

■ CH 17 

- CH 16 

- CH 15 

- CH 14 

■ CH 07 

■ CH 06 

■ CH 05 

• CH 04 

• CH 13 

■ CH 12 

- CH 11 

■ CH 10 

• CH 03 

• CH 02 
CH 01 

■ CH 00 



-CH 07 
-CH 06 
-CH 05 
-CH 04 
+ CH 07 
+ CH 06 
+ CH 05 
+ CH 04 
-CH 03 
- CH 02 
-CH 01 
-CH 00 
+ CH 03 

♦ CH 02 

♦ CH 01 

♦ CH 00 
DIFFERENTIAL 



CH X7 
CH X6 
CH X5 
CH X4 
CH 07 
CH 06 
CH 05 
CH 04 
CH X3 
CH X3 
CH XI 
CH XO 
CH 03 
CH 02 
CH 01 
CH 00 



BOARD SIDE 



Figure 1 1 ADV1 1 -A 40-Pin Connector Pin Assignments 



Distribution Panel — Figure 12 shows an H322 distribution panel that 
is connected on the rear to the ADV11-A Berg connector and on the 
front provides easily identifiable and conveniently accessible barrier 



64 



ADV11-A 



strip connections for user apparatus. Each H322 accommodates two 
ADV11-As or one ADV11-A and one other single-connector device. 
Note that the H323-B potentiometer box may not be used with the 
ADV11-A. 



External and Clock Starts — The external start signal line, pin B of the 
40-pin connector or TAB S (Figures 2 and 11), is a TTL-compatible 
input that presents five unit loads (8.0 mA) to any driving output. Con- 
versions start on the high-to-low transitions of this signal. 




8201 



Figure 12 H322 Distribution Panel 



In most cases, the external start signal will be produced by a grounded 
(non-floating) pulse generator or logic circuitry located in a grounded 
instrument. The return path for the external start signal will be through 
the power line ground system. For this reason, ground differences 
between source and computer should be minimized to prevent spuri- 
ous start pulses due to ground noise. In no case should a separate 
return line be run between grounded source and the computer 
ground. Only with floating devices should return lines be run between 
source logic ground and logic ground pins on the ADV11-A 40-pin 
connector. External devices that require buffering can be interfaced to 
the ADV11-A through Schmitt trigger 1 of the KWV11-A clock (STI). 
Connection is made by means of a DEC 70-10771 type jumper to TAB 
S (Figure 2) of the ADV11-A. 

Conversions that must be initiated by time intervals or on every nth 
external event may be triggered from the KWV1 1-A through a DEC 70- 



65 



ADV11-A 



10771 type jumper connected from the clock output tab (CLK) to the 
ADV11-A clock overflow tab (C). 

PROGRAMMING 

The following programming example reads 100 8 A/D conversions 
from channel 0 into locations 4000 8 — 4176 8 and halts. 



START; CLP 
U 0V 
INC 

LOOPl TSTP 
B PL 
IK 

MOV 



CMP 

BNE 
MALT 
170400 
1 70402 
.END 



ADSPt 
AD8P : 



aADSP 
14000, PO 
B APSP 
aADSP 
LOOP 
aADSP 

8ADBP, (PO)* 



BO, 84200 
LOOP 



START 



CIEAP A/D ST A 
SFl UP FIPST 
5TART A/U CON 
CHECK DONE FL 
I T UNTIL FL 
START NEXT CO 
PLACE CONVEPT 
FPOM a/P PUFF 
LOCATION AND 
LOCATE FOP 
CHECK IF 100 
HAVF BEE'- onr 
l.O, GET >>EXT 
DONE 

A/D STATUS RF 
A/D BUFFER Pfc 



TUS REGISTER 

ADDPESS 

VERSION 

AG 

AG SET 

NVEPSIO*« 

EC; VALUE 

EH IK TO VEMOPY 

SET UP MEXT 

TPANSFE»* 

CONVERSIONS 

f 

COMVl PSION 

GISTFk ADDPFSS 
GISTfP AODPESS 



* Starting a subsequent conversion before moving data from a previous con- 
version is recommended only with systems equipped with non-processor 
memory refresh. Without this capability, data will be lost occasionally by 
CPU memory refresh intervening between the INC and MOV commands. In 
general, non-processor memory refresh is essential to realizing the full po- 
tential of the ADV11-A. 
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BA11-M EXPANSION BOX 
GENERAL 

The BA1 1-M expansion box provides a convenient means for expand- 
ing LSI-11 bus systems. Each expansion box includes an H9270 LSI- 
11 bus-structured backplane and an H780 power supply system 
mounted in an enclosure with a blank front panel. 

The BA11-M is shown in Figure 1. Mechanical and mounting details 
are shown in Figures 2 and 3. 

FEATURES 

• Provides power and cooling for LSI-1 1 Bus options 

• Accepts quad or double height modules 

• Eight double-height (four quad) LSI-11 Bus slots available for op- 
tions 

• LSI-1 1 Bus power sequencing signals provided by the power supply 

• LSI-1 1 Bus line frequency clock signal provided by power supply 

• LSI-11 Bus backplane compatible with LSI-11, LSI-1 1/2 and LSI- 
11 /23 processors, memories, and interface modules 

• Rack-mountable in standard RETMA 19" wide rack 

• UC listed; CSA certified 

SPECIFICATIONS 

Dimensions (including bezel) 

Width 48.3 cm (19 in) 

Height 8.9 cm (3.5 in) 
Depth 

Without mounting brackets 34.3 cm (13.5 in) 

With mounting brackets 38. 1 cm ( 1 5.0 in) 

Shipping Weight 18.1 kg (40 lb) 

Operating temperature* 5° to 50° C (41 ° to 1 22° F) 

Operating humidity 1 0% to 95% with a maximum wet 

bulb temperature of 32° C (90° F) 
and a minimum dew point of 2° C 
(36° F) 

• The maximum allowable operating temperature is based on operation at sea 
level, i.e., at 760 mmHg (29.92 inHg); maximum allowable operating temper- 
ature will be reduced by a factor of 1.8° C/1000 m (1.0° F/1000 ft) for 
operation at higher altitude sites. 



67 



BA11-M 



AC input power 



100-127 Vrms, 50 ±1 Hz or 60 ±1 
Hz, 400 W maximum, or 



200-254 Vrms, 50 ±1 Hz or 60 ±1 
Hz, 400 W maximum 



DC output power 



+5 Vdc ±3%, 0-18 A load (static 
and dynamic) 



+12 Vdc ±3%, 0-3.5 A load (stat- 
ic and dynamic) 



Maximum output power: 120 W 
(total) 



Recommended circuit breaker 



15 A and 1 15 Vac or at 230 Vac 



rating 



DESCRIPTION 

The BA11-M is a rack-mounted enclosure that provides power and 
cooling for eight double (four quad) LSI-1 1 Bus module slots. It ac- 
cepts either double or quad size modules. Modules are accessible 
from the front of the box. A cable area is provided for routing I/O 
cables from the modules to the rear of the box where a cable clamp 
allows cables to be strain-relieved before leaving the box. An AC 
ON/OFF switch and line cord are located at the rear of the box. Two of 
the eight slots for double size modules are normally used for cabling 
and termination, which leaves six bus slots available for options. Note 
that multi-board options that require the special backplane intercon- 
nection on connections card D (i.e., RLV1 1 ) are not accommodated by 
this expansion box. The BA11-M is available in two line voltage varia- 
tions: 1 15V and 230V. Each version accommodates either 60 Hz or 450 
Hz line frequency. 

CONFIGURATION 

When installing an expansion box to expand from a single to a dual 
backplane system, the BCV1B bus expansion option and TEV11 bus 
terminator option (or equivalent) must be used. Install the BCV1B 
modules and cables as shown in Figure 4. The terminator must be 
installed in the option location in the last box. When installing the 
BCV1B cable set, disregard any "This side up" labels that may be on 
the BC05L cables. Ensure that the red line on each cable is toward the 
center of both modules and that J1 on each board is connected to J1 
on the second board and similarly J2 on both boards. Ensure that the 
cables have no twists. Carefully fold excess cable as shown in Figure 
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4. Figure 5 illustrates proper installation of the BCV1B and TEV11 
options. 

When expanding from a second to a third backplane, the BCV1A bus 
expansion option is required, in addition to the items required for 
expansion to the second backplane. 

NOTE 

BCV1A and BCV1B cables must differ in length by 
1 21 .92 cm (4 ft) (minimum). 

The completed installation for a 3-backplane system using the BCV1A 
option is shown in Figure 5. In addition to this option, the BCV1B 
option is required to connect the first backplane to the second back- 
plane; a 120 Q bus termination is required in the last option slot in the 
third backplane. 




Mosoe 



Figure 1 BA11-M Expansion Box 
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44.8 cm (17.626 in). 




.48.3 em 
(19 ml 



34.Scm 

113.6 in) 



POWER SUPPLY 



AIR AIR 

A A 



FRONT 



PROCESSOR 
MEMORY AND 
DEVICES 



11-B207 



Figure 2 BA11-M Assembly Unit 
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Figure 3 BA1 1 -M Cabinet Mounting 
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Figure 4 BA11-M Expansion Box Interconnections (two-backplane 

system) 
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NOTES 

1. INCLUDED IN BCV1B BUS EXPANSION OPTION. (CABLES ARE AVAILABLE IN 2, 4, 6. OR 
12 FT LENGTHS ! 

2. INCLUDED IN BCV1A BUS EXPANSION OPTION. (CABLES ARE AVAILABLE IN 2. 4. 6. OR 
12 FT LENGTHS.) 

3. INCLUDED IN TE V1 1 BUS TERMINATOR OPTION. 

4. THE LSI 11 BUS IN RESTRICTED TO 15 OPTIONS, MAXIMUM. THESE OPTION SLOTS WOULD 
ONLY BE USED WHEN PREVIOUS OPTION(S) OCCUPY MORE THAN 1 OPTION LOCATION. 

5. BCV1A AND BCV1B EXPANSION CABLES MUST DIFFER IN LENGTH BY 4 FT (MIN). 

MA-2000 



Figure 5 BCV1A Installation 
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BA11-N MOUNTING BOX 
GENERAL 

The BA11-N mounting box is designed to be used as a mounting box 
or as an expander box for an LSI-1 1 bus-based system. Each mount- 
ing box (Figure 1) includes an H9273 backplane assembly, an H786 
power supply, and an H403-A ac input panel mounted in an enclosure 
with a blank front panel (BA11-NE, NF) or bezel assembly (PDP- 
11 /03-LC.-LD). 

FEATURES 

• Nine slots for double or quad size modules 

• Powerful and reliable 240-watt switching power supply, which is 
both voltage- and frequency-independent 

• Module cooling 

• Designed to meet small system applications 

• Modular design for ease of servicing 

• LSI-1 1 bus power sequencing signals provided by power supply 

• Line frequency signal provided by power supply 

• Unique backplane interconnection for custom multi-board options 

• LSI-1 1 bus backplane-compatible with LSI-1 1, LSI-1 1/2 and LSI- 
11/23 processors, memories, and interface modules 

• Rack-mountable in standard RETMA 19" wide rack 

• UL listed, CSA certified and complies with VDE and IEC require- 
ments 

SPECIFICATIONS 

Tables 1 and 2 show BA1 1-NE and BA1 1-NF mounting box specifica- 
tions, including the H786 power supply. 

Dimensions (including bezel) 
Width 48.3 cm (19 in) 

Height 13.2 cm (5.19 in) 



Depth 

Without mounting brackets 
With mounting brackets 



57.8 cm (22.7 in) 
67.96 cm (26.75 in) 

20 kg (44 lb) 



Weight (without modules) 
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Operating temperatures* 
Operating humidity 



10% to 95%, with a maximum wet 
bulb temperature of 32° C (90° F) 
and a minimum dew point of 2° C 
(36° F) 



5° to 50° C (41° to 122° F) 



Input voltage 
BA11-NE 
BA11-NF 



115 Vac 
230 Vac 



Input current** 
BA11-NE 
BA11-NF 



12 A max 
6 A max 



Circuit breaker rating 



15 A at 115 Vac or 230 Vac 



* The maximum allowable operating temperature is based on operation at sea 
level, i.e., at 760 mmHg (29.92 inHg); maximum allowable operating temper- 
ature will be reduced by a factor of 1.8° C/1000 m (1.0° F/1000 ft) for 
operation at higher altitude sites. 

** Input current consists of that used by the BA11-N, itself, plus whatever cur- 
rent is supplied via the convenience ac outlet (J3) to an expander box; the 
total current must be less than the maximum specified. 

DESCRIPTION 

The H9273 backplane assembly consists of a backplane, a card frame 
assembly, and two cooling fans. The H9273 9-slot backplane 
assembly will accept nine LSI-11 bus double-height or quad-height 
modules (except for MMV11-A 4K X 16 core memory modules). The 
PDP-11 /03-LC and the BA11-NE operate on 115 V and the PDP- 
11 /03-LD and the BA11-NF operate on 230 V. Mechanical and mount- 
ing details are shown in Figure 2. 
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The ac input box, power supply, and H9273 logic assembly are at- 
tached to the logic box base. The power supply assembly is hinged to 
the base and can be swung open to expose the internal components; 
with little effort, the entire assembly can be removed from the base 
and replaced. LSI-1 1 bus modules are inserted in the backplane from 
the rear of the box through an access door that is equipped with strain 
reliefs for LSI-1 1 bus and communications cables. 

When the unit is to be mounted in an equipment rack, the logic box 
cover is attached to the rack with mounting hardware. The logic box 
base slides into the mounted cover and a spring-button assembly 
engages to prevent the base from being accidentally pulled out of the 
cover. 



Table 1 

Item Specification 



Current rating 5.5 A at 1 1 5 Vrms 

2.7 A at 230 Vrms 

Inrush current 100 A peak, for Vz cycle at 128 

Vrms or 256 Vrms 

Apparent power 630 VA 

Power factor The ratio of input power to appar- 

ent power shall be greater than 
0.6 at full load and low input volt- 
age 

Output power +5 Vdc ±250 mV at 22 A 

(A minimum of 2 A of +5 Vdc 
power must be drawn to ensure 
that the +12 Vdc supply regu- 
lates properly) 
+12 Vdc ±600 mV at 1 1 A 

Power-up/power-down characteristics 
Static performance 

Power-up BDCOK H goes high; 75 Vac 

BPOK H goes high; 90 Vac 



Power-down 



BPOK H goes low; 80 Vac 
BDCOK H goes low; 75 Vac 
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BA11-N Power Supply Specifications (Cont) 



Item 



Specification 



Dynamic performance 
Power-up 



3 msec (min) from dc power with- 
in specification or to BDCOK H 
asserted 

70 msec (min) from BDCOK H as- 
serted to BPOK H asserted 



Power-down 



4 msec (min) from ac power off to 
BPOK H negated 

4 msec (min) from BPOK H ne- 
gated to BDCOK H negated 

5 usee (min) from BDCOK H ne- 
gated to dc power as of specifica- 
tions 



CONFIGURATION 

The procedure for mounting the BA11-N mounting box in an 
equipment rack is presented below. 

Installing the Logic Box Cover — The logic box cover is mounted in 
the equipment rack as shown in Figure 3. 

1. When the unit is shipped, the logic box cover is held to the base 
by four screws (these are used only in non-rack-mounted applica- 
tions), and a single shipping screw, which, for safety, must be in 
place whenever the unit is moved or shipped. First, remove the 
four screws that attach the cover to the base. Then open the rear 
door and remove the shipping screw. 

2. A safety locking device is found on the right side of the unit (when 
looking at the front). This device, a spring-button assembly, is 
attached to the side of the ac input box. When the unit is closed, 
the button on this assembly fits into the rear hole of two holes in 
the right side of the cover. This mechanical interlock can be over- 
ridden by pushing the button in from the outside of the cover 
while, at the same time, pulling the logic box base to get the 
button past the hole. The base can then be pulled out of the cover 
to its extended position; at this position, the button pops into the 
front of the two holes, preventing the base from being inadvertent- 
ly pulled entirely out of the cover. Open the base to the extended 
position and then release the button from the front hole. Slowly 
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pull the base entirely out of the cover and set the base out of the 
way. 

3. Attach the Tlnnerman nuts to the cabinet uprights in eight places. 

4. Mount the cover to the front cabinet uprights using four pan head 
screws (10-32 x 0.62 Ig) and four No. 8 lockwashers. 

5. Attach the two support brackets to the cover using four Phillips 
pan head screws (8.32 X 0.38 Ig) and four No. 8 lockwashers. 

6. Attach the support brackets to the rear cabinet uprights using four 
Phillips pan head screws (10-32 X 0.62 Ig) and four No. 10 flat 
washers. 

7. Slide the unit into the cover. It will be held in place by the spring- 
button assembly. To slide the unit forward again it will be neces- 
sary to release this spring button. 

8. If the system is to be moved or shipped, the shipping screw must 
be replaced. 

>| CAB UPRIGHTS 




Figure 3 BA11-NE and BA1 1-NF Cover Mounting Dimensions 
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Installing the Logic Box Base in the Cover — Set the rear of the logic 
box base on the support flanges of the cover and slide the base in until 
the spring-button assembly engages in the extended position. Take 
care not to pinch the cables while sliding the base in. Release the 
spring-button and push the base all the way in until it engages in the 
closed position. Take the following steps to complete the installation. 

NOTE 

The base being installed is either the main base, i.e., 
the one containing the CPU, or an expander base 
(two expander boxes can be added). Modify the 
following instructions to suit the kind of base you are 
installing, e.g., if there is a blank front panel, skip the 
first half of step 1 . 



1 . Put the AUX switch in the front panel in the OFF position; put the 
ON/OFF switch on the ac input box in the OFF position. 

2. When the AUX switch on the front panel is in the ON position, the 
two wires of the power controller cable are common. Connect the 
free end of the cable to the input circuit of the power controller so 
that the AUX switch controls the application of primary power to 
the controller. Keep the AUX switch in the OFF position. 

3. Loosen the cable strain reliefs and open the rear door of the box 
to install the LSI-11 bus expansion cable assemblies. Two cable 
assemblies are used. Table 3 describes the assemblies and tells 
where to insert the assembly modules. (Figure 4 illustrates mod- 
ule placement.) When inserting the modules, make sure the con- 
nectors are on top. 

4. Close the rear door; bring the bus cables out under the left strain 
relief and the communcations cables out under the right strain 
relief. Adjust the strain reliefs so that the cables are held firmly but 
are not pinched or crushed. Secure the strain reliefs and the rear 
door. Make sure the cables will not bind when the base is pulled 
out to the extended position. 
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Table 2 LSI-1 1 Bus Expansion Cable Assemblies 



Assembly 



Assembly 
Composition 



Insert Modules In 



BCV1B-XX 



BCV1A-XX 



Two BC05L-XX 
cables 

One M9400-YE mod- 
ule 



One M9401 module 

Two BC05L-XX 
cables 

One M9400-YD 
module 



One M9401 module 



Slots A and B of the 
first open row after all 
other LSI-1 1 bus op- 
tions have been 
installed in the main 
box. 

Slots A and B of row 1 
of expander box 1 



Slots A and B of the 
first open row after all 
other LSI-1 1 bus op- 
tions have been in- 
stalled in expander 
boxl 

Slots A and B of row 1 
of expander box 2 



NOTE 

"-X" in the cable assembly number denotes length, 
which can be 60.96, 121.92, 182.88, or 304.80 cm (2, 
4, 6, or 10 ft). (Each cable of an assembly is the same 
length.) When both assemblies are used in a system 
(boxes), the lengths must differ by 121.92 cm (4 ft). 
To facilitate servicing, the BCV1B cables should be 
182.88 cm (6 ft) long, while the BCV1A cables should 
be 304.80 cm (10 ft) long. 
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1-BOX j 
SYSTEM ^ 



CPU 


32KB MOS MEMORY 


1 




2 




3 




4 




S 
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2-BOX . 
SYSTEM * 



CPU 


32KB MOS MEMORY 


1 




2 




3 




4 




S 
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BCV1B-06 










7 




8 




9 




10 




11 




12 




13 




BDV11-AA 



BA11-NE, NF 
EXPANDER BOX 



Figure 4 Configuring Large Box 
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BA11-VA MOUNTING CHASSIS/POWER SUPPLY 
GENERAL 

The BA11-VA is a small form-factor package providing mounting 
space and power for four LSI-11/2 or LSI- 11/23 family modules. This 
package, plus the high functionality of DIGITAL'S microcomputer 
products, allows LSI-1 1 microcomputer applications to be implement- 
ed within a space smaller than that required for many 8-bit systems. 

FEATURES 

• Four slots for double 5.2 in. X 8.9 in. (13.2cm x 22.8cm) height 
modules. 

• LSI-1 1 bus backplane compatible with the LSI-11/2 and LSI-1 1/23 
processors, memories, and interface modules. 

• Power and cooling for modules. 

• DC power indicator. 

• Mounting hardware for table-top or fixed-position usage. 

• Off/On switch located at the rear of the unit. 

• External connection to let users add a remote restart switch. 

• UL listed, CSA certified, and complies with VDE and IEC require- 
ments. 

SPECIFICATIONS 

Mechanical 

Capacity 4 dual LSI-1 1 bus modules 

Size 11.7 in. X 13.38 in. X 3.62 in. 



Weight 
Mounting 



(29.71cm X 33.98cm X 9.19cm) 
10 lbs (4.5kg) 

4 rubber feet for table-top use 
and 4 metal brackets for fixed po- 
sition mounting (installed by 
user) 



Environmental 
Operating 
Temperature 



5°C(41 o F)t0 5 o C(122°F) 



Relative 
Humidity 



10% to 95% (non-condensing) 



Power 
Output 



5.6 amps at +5V max 
1 .6 amps at + 1 2V max 
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Input 
Voltage 

Current 



Power Cord 



External Connectors 
Optional 
Power Outlet 



Remote 
Restart 



Model 
Number 



1 15Vac-50/60Hz or +230V- 
50/60Hz (selectable by user) 

3.0 amps at 1 15V (maximum) 
1 .5 amps at 230V (maximum) 

6 ft. 3 in. (1 .9m) for 1 1 5 Vac to be 
used with a NEMA 5-1 5P wall 
socket. User supplies cord for 
other power requirements. 

Plug type (user-supplied) for use 
with the power outlet: 3-pin 
AMP™ plug— Part #1-480700-0 
AMP contact pins— Part # 
350547-3 

Plug type (user-supplied) for use 
with the remote restart outlet: 2- 
pin AMP plug— Part #1-480698- 
0. AMP contact pins— Part # 
350547-3 

BA11-VA— LSI-11 Bus mounting 
chassis and power supply 



DESCRIPTION 

The BA11-VA is designed as a low-cost mounting enclosure for a wide 
range of mounting configurations. Two types of mounting hardware let 
the BA11-VA be used as a table-top unit or be attached to a flat 
surface in any plane. 

The BA11-VA does not generate a signal for use as a line-time clock in 
the processor module. If this function is required, the MXV11 multi- 
function module, which includes a 60Hz clock, should be used. If 
power-fail capability is needed, external hardware is required. 

For applications where the mounting of the BA11-VA prevents easy 
user access to the chassis, the capability is provided for adding an 
external restart switch. A simple, single pole/single throw switch can 
be located up to 10 feet from the box and connected using a standard 
connector. Momentary closure of this switch causes the processor to 
go to the user-selected power-up mode for the system. 

The power supply has more capacity than normally used by the four 
LSI-11 bus modules that can be mounted in the chassis. Therefore, a 
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connector is supplied to let this power be used for other electronic 
equipment located in the same area as the computer. 

The BA1 1 -VA power supply can be configured through selector 
switches to operate throughout the world. The product is UL listed, 
CSA certified, and complies with VDE and IEC requirements. 



AIR FLOW 




•ADO 4.1 1 1?CM FOR LABLIS 
RUBBER FEET ACCESS MODULE ACCLjS 



DOOR 

ADO 31" .79 CM COR DEC 
SUPPLIRD FIXED MOUNTING 
STACKET 

HEAR VlfVV 
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BDV11 DIAGNOSTIC, BOOTSTRAP, TERMINATOR 
GENERAL 

The BDV11 module has 2K words of read-only memory (ROM) that 
contains both diagnostic programs and bootstrap programs. These 
programs are user-selectable by setting dip switches. The diagnostic 
programs test the processor, the memory, and the user's console. The 
bootstrap programs are used to boot a number of LSI- 1 1 -compatible 
peripherals. The module also contains 120-ohm bus terminator cir- 
cuits. 

Space is available on the module to allow the user to add up to 2K 
words of erasable programmable ROM (EPROM) and up to 16K words 
of read-only memory (ROM). 

A HALT/ENABLE switch allows the user to start and stop the proces- 
sor and a RESTART switch enables the user to reboot the system. The 
module also has four programmable light-emitting diodes (LEDs) that 
indicate a failure in a program and monitor the tests in progress. All 
the switches and indicators are edge-mounted on the module for easy 
access. 

NOTE 

There are two versions of the BDV1 1 module: revi- 
sions 0 and A. The revision 0 module was produced 
in limited quantities and does not incorporate all the 
characteristics of revision A. The differences 
between these modules are listed at the end of this 
section. 



FEATURES 

• Programmed ROMs with bootstraps for RXV11, RXV21, RLV11, and 
RKV11 disk options 

• DECnet bootstraps for DLV11-E, DLV11-F, and DUV11 serial line 
units 

• Capable of booting a system automatically with no operator inter- 
vention 

• Can automatically load and start a 16K word program from 
ROM/EPROM to RAM 

• 12-bit readable configuration register 

• 16-bit read/write maintenance register 



86 



BDV11 



• Software-controllable line-time clock (LTC) 

• Power OK monitor, green LED 

• 4-bit LED programmable display 

• RESTART and HALT switches 

• 120-ohm bus terminator 



SPECIFICATIONS 

Identification 

Type 
Power 

Bus Loads 
AC 
DC 



M8012 
Quad 

+5Vdc ±5% at 1.6 A 
+ 12 Vdc ±3% at 0.07 A 



DESCRIPTION 
General 

The functions of the BDV1 1 are shown in Figure 1 . The transciever and 
control functions control the transfer of data between the bus and the 
BDV1 1 . The ROM address function decodes the address data from the 
bus and uses the socket selection and ROM address functions to 
access the memory located on the BDV11. The ROM address function 
is also used to transfer data into the data selection function. Then data 
is placed on the LSI-1 1 bus by the control and transciever functions. 
The data for the read/write registers are also transferred in and out by 
using the transceiver and control functions. The BDV1 1 uses power- 
up, BVENT, and display functions for monitoring program operations. 

Transceiver 

The transceiver logic monitors the LSI-1 1 bus BDAL lines for the ad- 
dress of a BDV1 1 register or the address of a ROM location. When a 
register or a ROM has been addressed, the transceiver logic gates the 
address onto the BDV11 DAL lines. If a register was addressed, the 
transceiver logic generates the address match signal that activates the 
control logic. If a ROM address was generated, then the DAL lines 
transfer the address to the ROM address selection logic. The trans- 
ceiver logic is also used to transfer data from the DAL lines to the LSI- 
11 bus BDAL lines. When the transceiver receives XMIT H, the data 
can be from either a register or ROM address. 



87 



BHALT L . 
BHEPLY L - 



BOCOK H ■ 
BSYNC L ■ 



BRPLY L- 
RUN/HALT SW- 
RESTART SW - 



BWTBT L ■ 
BDOUT L 
BDIN L 



SYNC L/H - 
DAL <0 2> H- 



ADDRESS 
MATCH 



►BRPLY I 

► XMIT L/H 

► INWD L 
» REG L/H 

► OUT LB'HB L 

► SEL 0/2/4/6 L 



BDAL <0 1S> L« 
BBS7 L- 



DAL <0 1 5> H 



ROM 

ADDRESS 
SELECTION 
LOGIC 



A<10:14> H 



SOCKET 

SELECTION 

LOGIC 



SELO L 
REG L 
OUT LB/HB L 



ROM 
SOCKETS 



SEL 4 L 
REG L 
INWD L 



SEL2 L 
REG L/H 
XMITH 
OUTLB/HB L 



BEVNT 




BEVNT 




LOGIC 




SW 





DAL<0 3> H- 



DIAGNOSTIC 
DISPUY 
01 D4 



SB<1 2> L 
SE<1 2> L 
ST<1 2> 
SP<1 8> L 



SEL8 L 
REG L 
OUT LB L 



SEL4L 
REG L 
OUT LB L 



Figure 1 



B0V1 1 Block Diagram 
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Control 

The control logic consists of a DC004 protocol chip (Chapter 5) and an 
82523 PROM. The control logic is enabled by the address match sig- 
nal from the transceiver logic. The PROM monitors some of the DAL 
lines and the address match signal and generates an enable signal for 
the DC004 chip whenever any of the assigned bus addresses (173000 
to 173777) is placed on the BDAL lines. The DC004 chip generates all 
the protocol signals used with the LSI-1 1 bus to allow data transfers. 
The control logic also generates the control signals for the read/write 
register's ROM address selection and the ROM socket selection logic. 
The bus control signals are defined in the appropriate processor 
handbook. 

Read/Write Registers 

The read/write register logic consists of two 8-bit universal shift regis- 
ters. When the registers are being read, the control logic asserts XMIT 
H and the information on the DAL lines is the data within the shift 
registers. When the registers are to be written into, the XMIT signal is 
negated and the registers are placed into a load condition. The regis- 
ters are clocked and the information on the DAL lines is loaded into 
the registers as data. The registers are cleared when power is turned 
on or when the system is booted. 

ROM Address Selection 

The ROM address selection logic uses the contents of the PCR regis- 
ter and the LSI-1 1 bus address to determine the address of the BDV1 1 
ROM locations. Each ROM has 2048 10 addresses available. The logic 
selects the high byte of the PCR register if bit 8 of the LSI-1 1 bus is one 
and selects the low byte if bit 8 is a zero. The selected byte is shifted to 
the right one bit and used as the high byte of the BDV1 1 address. The 
low byte of the LSI-1 1 bus address is shifted one bit to the right and 
used as the low byte of the BDV11 address. The complete BDV11 
ROM address is formatted by using a combination of the high and low 
bytes generated. Table 10 is a listing of how the PCR contents and the 
LSI-1 1 bus addresses are used to generate ROM addresses. 

Socket Selection 

The socket (or ROM) selection logic (Figure 2) consists of two decod- 
ers (E30 and E35) that provide the outputs used to select the high byte 
and low byte sockets. The user can program A10 H and A14 H inputs 
to these decoders by selecting jumper wires W1-W4 and W9-W12 to 
determine the configuration designation described in Table 2. The 
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SB1 L and SB2 L outputs are used to select the 4K of 
diagnostic/bootstrap DIGITAL programs. The SE1 L and SE2 L out- 
puts are used to select the 2K words of user PROM. The SP1 L to SP8 
L outputs are used to select the additional 16K words of user ROM. 



A11 H- 
A12 H- 
A10 H- 

A13 H- 



74S138 TRUTH TABLE 



G1 


G2 
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A 


OUT LOW 
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L 


YO ISP8 LI 
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L 


H 


Y1 (SP7 L) 
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H 


L 


L 


H 
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Y4 (SP4 L) 
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H 


Y5 (SP3 LI 
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H 
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Y7 (SP1 L) 
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YO 
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-SP8 L 
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2A 2Y2 
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A 
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H 
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Figure 2 Socket Selection Logic 
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ROM Address 

The ROM address logic uses the socket select logic outputs and ad- 
dress lines AO to A10 to select the desired address. The diagnos- 
tic/bootstrap ROMs are enabled by SB1 L and SB2 L and are ad- 
dressed, by AO to A10. The user EPROMs are enabled by SE1 L and 
SE2 L and are addressed by AO to A9. The user ROM sockets are 
enabled by SP1 L to SP8 L and addressed by AO to A9. The output 
data from the ROMs is sent to the data selector logic. 

Data Selector 

The data selector receives data from the ROMs and the registers of the 
BDV1 1 . This data is stored until the outputs are enabled by XMIT. The 
data is then gated to the DALO-15 bus lines where it is transferred to 
the LSI-1 1 bus by the transceiver and control logic. 

Display 

The display logic consists of four flip-flops and four LEDs. The 
contents of the display register (address 177524) are gated into the 
flip-flops and the outputs light the display LED indicators. The pattern 
of the display indicates to the user the type of program error when a 
failure occurs. 

Power-up 

The power-up logic includes the ENABLE/HALT switch and the RE- 
START switch. In normal operation, the ENABLE/HALT switch is in the 
ENABLE position. When the switch is placed in the HALT position, the 
bus signal BHALT L is asserted. The processor enters the halt mode 
and responds to the console ODT commands. To resume processor 
operation, the user must set the switch to ENABLE and enter a "P" 
command from the console. 

The RESTART switch must be cycled to reboot the system. When the 
switch is cycled, a capacitor is charged to disable the bus BDCOK H 
signal and DCNOK L is asserted to initialize the BDV11 registers. 
When the capacitor discharges, the BDCOK H signal is enabled, the 
processor carries out a power-up sequence, and normal operation is 
resumed. 

BVENT 

The BVENT logic uses a switch located in E21 that lets the user control 
the LTC function. When the switch is open, the bus BVENT L signal 
can be controlled by the LTC signal generated in the LSI-1 1 bus power 
supply. When the switch is closed, the BVENT L signal can be con- 
trolled by the program. 
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CONFIGURATION 
General 

The BDV11 is factory-configured (Group A in Table 2) by DIGITAL to 
let the user expand the diagnostic and bootstrap programs by adding 
2K words of EPROM and 16K words of ROM/EPROM memory. The 
user can modify the configuration for his own software requirements. 
Thirteen jumper wires are located on the module as shown in Figure 3 
and identified in Table 1. Eight are used for selecting sockets, and five 
are used to accommodate various types of memory chips. The switch- 
es used to select programs are listed in the Programming section 
below. 

Socket Selection 

The socket selection logic is controlled by jumpers W1-W4 and W9- 
W12, which can be configured in seven different ways, as shown in 
Table 2. Group A assigns the PCR pages and socket selections. 
Groups B-G let the user choose where to begin program execution, 
such as having the processor execute instructions directly from a sys- 
tem ROM or EPROM when power is turned ON, rather than from the 
diagnostic/ bootstrap ROM. 



Table 1 Selectable Jumpers 



Jumper 



Function 



W1 

W2 

W3 

W4 

W5 

W6 

W7 

W8 

W9 

W10 

W11 

W12 

W13 



Socket selection 
Socket selection 
Socket selection 
Socket selection 
Chip selection 



Socket selection 
Socket selection 
Socket selection 
Socket selection 
Chip selection 



Chip selection 
Chip selection 
Chip selection 
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Table 2 Memory Configuration 



High Byte 


Low Byte 


Configuration 


ROM 


PCR 


Selection 


Socket 


Socket 


Designation 


Address 


Page 


Signal 


4K Diagnostic/Bootstrap (DIGITAL) 


E53 


E48 


A 


0-2K 


0-17 


SB1 L 


(2) 


(D 


B 


4K-6K 


40-57 


SB1 L 






C 


16K-18K 


200-217 


SB1 L 






D 


20K-22K 


240-257 


SB1 L 


E58 


E44 


A 


2K-14K 


20-37 


SB2L 


(4) 


(3) 


B 


6K-8K 


60-77 


SB2L 






C 


18K-20K 


220-237 


SB2L 






D 


22K-24K 


260-277 


SB2L 


2K User EPROM 


E57 


E40 


A 


4K-5K 


40-47 


SE1 L 


(3) 


(1) 


B 


0-1 K 


0-7 


SE1 L 






C 


20K-21K 


240-247 


SE1 L 






D 


16K-17K 


200-207 


SE1 L 


E52 


E36 


A 


5K-6K 


50-57 


SE2L 


(4) 


(2) 


B 


1K-2K 


10-17 


SE2L 






C 


21K-22K 


250-257 


SE2L 






D 


17K-18K 


210-217 


SE2L 



Table 2 Memory Configuration (Cont) 



High Byte 


Low Byte 


Configuration 


ROM 


PCR 


Selection 


Socket 


Socket 


Designation 


Address 


Page 


Signal 


16K User ROM 


cot 




A 
M 


16K-18K 


200-217 


SP8 L 


(2) 


(D 


E 


16K-17K 


200-207 


SP8L 




F 


0-2K 


0-17 


SP8 L 






G 


0-1 K 


0-7 


SP8L 


COS 






18K-20K 


220-237 


SP7 L 


(4) 


(3) 


E 


18K-19K 


220-227 


SP7L 


F 


2K-4K 


20-37 


SP7L 






G 


2K-3K 


20-27 


SP7L 


E60 


E41 


A 


20K-22K 


240-257 


SP6L 


(6) 


(5) 


E 


18K-19K 


240-247 


SP6L 




F 


4K-6K 


40-57 


SP6L 






G 


4K-5K 


40-47 


SP6L 


E55 


E37 


A 


22K-24K 


260-277 


SP5L 


(8) 


(7) 


E 


22K-23K 


260-267 


SP5L 


F 


6K-8K 


60-77 


SP5L 






G 


6K-7K 


60-67 


SP5L 



Table 2 Memory Configuration 



High Byte 


Low Byte 


Configuration 


ROM 


PCR 


Selection 


Socket 


Socket 


Designation 


Address 


Page 


Signal 


16K User ROM (cont) 


E51 


E38 


A 


24K-26K 


300-317 


SP4L 


(10) 


(9) 


E 


17K-18K 


210-217 


SP4L 






F 


8K-10K 


100-117 


SP4L 






G 


1K-2K 


10-17 


SP4L 


E47 


E42 


A 


26K-28K 


320-337 


SP3L 


(12) 


(11) 


E 


19K-20K 


230-237 


SP3L 






F 


10K-12K 


120-137 


SP3L 






G 


3K-4K 


30-37 


SP3L 


E43 


E46 


A 


28K-30K 


340-357 


SP2L 


(14) 


(13) 


E 


21K-22K 


250-257 


SP2L 






F 


12K-14K 


140-157 


SP2L 






G 


5K-6K 


50-57 


SP2L 


E39 


E50 


A 


30K-32K 


360-377 


SP1 L 


(16) 


(15) 


E 


23K-24K 


270-277 


SP1 L 






F 


14K-16K 


160-177 


SP1 L 






G 


7K-8K 


70-77 


SP1 L 
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NOTE 

The parenthetical numbers in the socket colums in- 
dicate the order for installing each ROM. 

Memory Configuration 

The user can change the configuration of the BDV1 1 memory struc- 
ture by using socket selection jumpers W1-W4 and W9-W12; the stan- 
dard configuration is designated "A" in Table 2. This table also 
indicates the installation order for the PROM/ROM chips. The B, C, D, 
E, F, and G configurations show as alternate ways the user can map 
the ROM memory. Details about selecting a configuration using the 
socket selection jumpers are shown below. 

Configuration Socket Selection Jumpers* 

Designation W1 W2 W3 W4 W9 W10 W11 W12 

A R I I R I R R I 

B X X X X I R I R 

C X X X X R I R I 

D X X X X R I I R 

E I R I R X X X X 

F R I R I X X X X 

G I R R I X X X X 



* I = Installed, R = Removed, X = Irrelevant 



Chip Selection 

The system ROM sockets can be occupied by either 2K ROMs or 1K 
ROMs. The ROM socket logic uses jumpers W5-W8 and W13 to select 
the type of ROM that can be used on the BDV11. Table 3 shows 
jumper configurations and the type of ROM or PROM used with these 
configurations. 

Control Registers 

The BDV11 module has five hardware registers that are software- 
addressable. These registers are assigned individual addresses that 
cannot be changed or modified. The registers are described in the 
following paragraphs; their designations and addresses are listed in 
Table 4. 
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Page Control Register (PCR) — This register is word- or byte-ad- 
dressable and can be read or written. The PCR is a 16-bit register that 
consists of two 8-bit bytes. The low byte consists of bits 0-7 and the 
high byte consists of bits 8-15. When the low byte of the PCR is equal 
to page 6, then bus addresses 173000-173777 accesses the 128 ROM 
locations in the block -1400-1577. When a bus address falls in this 
range, the logic considers only the low byte of the PCR. However, if the 
bus address is in the range 173400-173777, only the high byte of the 
PCR is used to select the ROM location. 

Table 3 Chip Selection Jumpers 









Jumpers Inserted 1 




ROM Type 


W5 


W6 


W7 


W8 


W13 


2708 2 


R 


I 


R 


I 


R 


271 6 3 


R 


R 


I 


R 


I 


831 6E 4 


I 


R 


I 


R 


R 


8316E 5 


R 


R 


I 


R 


I 



NOTES 

1. I = Inserted; R = Removed. 

2. CB2 and DB2 must be supplied with external -5 V power. 

3. Use only +5 Vdc type components. 

4. Chip select signals must be programmed as follows: 

CS1 CS2 CS3 

LOW LOW LOW 

5. Chip select signals must be programmed as follows: 

CS1 CS2 CS3 

LOW LOW HIGH 
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Table 4 Standard Assignments 



Read/ 

Register Write Size Address 



Page Control R/W 16 bits 177520 

Read/Write R/W 16 bits 177522 

Configuration* R 12 bits 177524 

Display* W 4 bits 177524 

BEVNT* W 1 bit 177546 



* Dual-purpose register. 



Table 5 relates the PCR contents to the PCR page for pages 0-17. If the 
PCR is loaded with data 000400, the PCR low byte contains data 000, 
while the high byte contains data 001. The PCR bytes can be loaded 
separately. To select ROM locations 1600-1777, for instance, one need 
only load the PCR high byte with page 7; thus, the high byte contains 
007, while the low byte can contain anything. Table 6 lists the PCR 
contents for the remaining PCR pages. 

Read/Write Register — This register is used as a maintenance regis- 
ter for the diagnostic programs. The register is cleared when power is 
turned on or when the RESTART switch is activated. 

Configuration Register — This 12-bit read-only register is used to 
select for execution diagnostics or bootstrap programs for mainte- 
nance and system configuration. Bits 0-1 1 of the register are set by 
switches E15-1 through E15-8 and E21-1 through E21-4. These 
switches are associated with BDAL(0:11)L, when an individual switch 
is closed (on), the corresponding BDAL signal is low (1 ). 

Display Register — This 4-bit register is used for program control of 
the diagnostic LED display. When bits 0-3 of the register are set, then 
the corresponding LEDs are off. The register is cleared by turning 
power ON or by activating the RESTART switch. 
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Table 5 PCR Contents/Page Relationship, Pages 0-1 7 



PCR High Byte PCR Low Byte 
PCR Page PCR Contents (Bits 15-8) (Bits 7-0) 



0 



1 


000400 


001 


000 


2 
3 


001402 


003 


002 


4 
5 


002404 


005 


004 


6 








7 


003406 


007 


006 


10 








11 


004410 


011 


010 


12 








13 


005412 


013 


012 


14 








15 


006414 


015 


014 


16 








17 


007416 


017 


016 




Table 6 


Pages 20-57, 200-377 




Page 


Contents 


Page 


Contents 


20,21 


010420 


260,261 


130660 


22,23 


011422 


262,263 


131662 


24,25 


012424 


264,265 


132664 


26,27 


013426 


266,267 


133666 


30,31 


014430 


270,271 


134670 


32,33 


015432 


272,273 


135672 


34,35 


016434 


274,275 


136674 


36,37 


017436 


276,277 


137676 


40,41 


020440 


300,301 


140700 


42,43 


021442 


302,303 


141702 
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Table 6 Pages 20-57, 200-377 (Cont) 
Page Contents Page Contents 



A A AC 

44,45 


AAA A A A 


A A A A Aff 

304,305 


142704 


AC A ~t 

46,47 


AAA A AC 

023446 


AAA AA7 

306,307 


4 jl A^AA 

143706 


50,51 


024450 


310,311 


4 A A~f A f\ 

144710 


52,53 


025452 


A 4 A A 4 A 

312,313 


A A A O 

145712 


54,55 


096454 


314 315 


146714 


56i57 


027456 


316,317 


147716 


200,201 


A A A AAA 

1 00600 


AAA A A 4 

320,321 


1 50720 


AAA ftAO 

202,203 


4 A -4 AAA 

101602 


AAA AAA 

322,323 


H CA 700 

151722 


a a a rtAr 

204,205 


A A AAA Jl 

1 02604 


A A 4 A AIT 

324,325 


4 f A^ A il 

152724 


a a a aa^ 

206,207 


A A A A A A 

103606 


A A A A A^ 

326,327 


<4 r07Afl 

153726 


OH A OH H 

210,21 1 


104610 


AAA A A 4 

330,331 


H CJ7QA 

154730 


OHO OHO 


H ACfil O 

105612 


ooo ooo 
332,333 


1 55732 


214,215 


106614 


334,335 


156734 


216,217 


107616 


336,337 


157736 


HAA AA4 

220,221 


A A A A A A 

110620 


340,341 


160740 


ooa AArt 

222,223 


111622 


A i A A 4 A 

342,343 


161742 


AAi AAC 

224,225 


1 1 2624 


344,345 


A A A^ j| >l 

1 62744 


AAA OA7 

226,227 


4 4 A AAA 

1 1 3626 


346,347 


163746 


230,231 


H H JI£0/> 

1 14630 


QCA OC H 

350,351 


1 04750 


ooo ooo 

232,233 


1 1 5632 


oeo orn 

352,353 


H fiC7Cn 

1 65752 


oo>i ooc 
234,235 


H H fifiO A 

1 1 6634 


OCJl occ 

354,355 


166754 


236,237 


117636 


356,357 


167756 


240,241 


120640 


360,361 


170760 


242,243 


121642 


362,363 


171762 


244,245 


122644 


364,365 


172764 


246,247 


123646 


366,367 


173766 


250,251 


124650 


370,371 


174770 


252,253 


125652 


372,373 


175772 


254,255 


126654 


374,375 


176774 


256,257 


127656 


376,377 


177776 



BEVNT Register — Setting bit 6 (100 8 ) removes the clamp from 
BEVNT, thus enabling the line-time clock. Under program control, the 
user can clamp the BEVNT line low (thus stopping the line-time clock). 
Opening the BEVNT switch disconnects this function. The register is 
cleared (disabling the line-time clock) when the power is turned ON or 
when the RESTART switch is activated. 
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PROGRAMMING 
General 

The BDV1 1 contains dip switches that let the user select diagnostic 
and bootstrap programs for execution. Four LEDs indicate when a 
program fails. A green LED monitors the +12 Vdc and +5 Vdc and is 
lit when power is ON. A HALT/ENABLE switch and a RESTART switch 
let the user start and stop the processor. The switches and LEDs are 
shown in Figure 4. 



HALT 




* 8, 


HALT/ 




ENABLE 




SWITCH 





JO Ji J I 

DD 0 



RESTART 
SWITCH 



QOQQQ 

D1 D2 D3D6D4 



h 



A 



E21 

(DIAGNOSTIC/BOOTSTRAP 
SWITCHES. BEVNT SWITCH) 



E15 i CONNECTOR A 

(DIAGN OSTIC/BOOTSTRAP 
SWITCHES) 



Figure 4 BDV1 1 Switches and Indicators 



Diagnostic/Bootstrap Switches 

Dip switch units E15 and E21 let the user select diagnostic programs 
and/or a bootstrap program. Switches A1-A8 represent switches 1-8 
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of E15, and switches B1-B4 represent switches 1-4 of E21. The pro- 
grams selected by these switches are listed below. These 12 switches 
make up the configuration register that can be read at address 
177524. 

Switches A1-A4 are defined as follows: 

A1 ON Execute CPU test upon power-up or restart. 

A2 ON Execute memory test upon power-up or restart. 

A3 ON DECnet boot— A4, 5, 6, and 7 are arguments. 

A4 ON Console test and dialogue (A3 OFF). 

A4 OFF Turnkey boot dispatched by switch setting (A3 OFF). 

DECnet boot arguments are: 

Boot* A4 A5 A6 A7 

DUV11 ON OFF OFF OFF 

DLV11-E OFF ON OFF OFF 

DLV11-F OFF ON OFF ON 

All boots other than the DECnet boots above are controlled by the bit 
patterns in switches A5 through A8 and B1 (shown in Table 7) or, if the 
console test is selected, by mnemonic and unit number. The console 
test prompts with 

xx 

START? 

where xx is the decimal multiple of 1024 words of RAM found in the 
system when sized from 0 up in 1024-word increments. The first word 
of each 1024-word segment is read and then written back into itself. 

Allowed responses are a 2-character mnemonic with a 1 -digit octal 
unit number or one of two special single character mnemonics. The 
response must be followed by a RETURN. The special single-charac- 
ter mnemonics are: 

Y Use switch settings to determine boot device 

N Halt— enter microcode ODT 



* DLV11-E CSR = 175610; DLV11-F CSR = 176500; DUV11 CSR = 160040 if 
no devices from 160010 to 160036. 
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Table 7 Diagnostic/Boostrap Switch Selection 



Program 



Mnemonic 


A5 


A6 


A7 


A8 


B1 


Selected 1 




0 


0 


0 


0 


0 






0 


0 


0 


0 


1 


Loop on test 


DKn; n<8 


0 


0 


0 


1 


0 


RKV11 Boot 




0 


0 


0 


1 


1 




DLn; n<4 


0 


0 


1 


0 


0 


RLV11 Boot 




0 


0 


1 


0 


1 






0 


0 


1 


1 


0 






0 


0 


1 


1 


1 




DXn; n<2 


0 


1 


0 


0 


0 


RXV11 Boot 




0 


1 


0 


0 


1 






0 


1 


0 


1 


0 






0 


1 


0 


1 


1 




DYn;n<2 


0 


1 


1 


0 


0 


RXV21 Boot 




0 


1 


1 


0 


1 






0 


1 


1 


1 


0 






0 


1 


1 


1 


1 






1 


0 


0 


0 


0 


ROM Boot 2 




1 


0 


0 


0 


1 






1 


0 


0 


1 


0 






1 


0 


0 


1 


1 








0 


1 


0 


0 






\ 


0 


1 


0 


1 








0 


1 


1 


0 








0 


1 


1 


1 










0 


0 


0 










0 


0 


1 










0 


1 


0 










0 


1 


1 










1 


0 


0 










1 


0 


1 










1 


1 


0 










1 


1 


1 





On = 1 
Off = 0 



104 



BDV11 

1. All unused patterns or mnemonics will default to ROM boot if 
switch B2, B3, or B4 is on. 

2. The ROM boot uses switches B2, B3, and B4 to dispatch as fol- 
lows: 

B2 B3 B4 

1 X X 

0 1 X 

0 0 1 

where X = Irrevelant 

If an unrecognized mnemonic or switch setting (A5 through B1) is 
encountered, B2, B3, and B4 are checked for the presence of addi- 
tional ROM. If present, the ROM boot is invoked. The mnemonic's first 
character is placed in the high byte location of 2. Both characters are 
converted to uppercase with bit 7 cleared. Location 0 is loaded with 
the binary unit number. If an unrecognized switch setting is encoun- 
tered instead, a copy of the switches is placed in location 2 with bit 15 
set. 

If no additional ROM exists, the switch-checking routine will halt or the 
mnemonic routine will reprompt. 

The above features let the user implement additional features or boots 
in additional ROMs without changing to the base ROMs. If the 
additional ROM encounters an unrecognized mnemonic, it should 
load address 173000 into the PC, which will restart the BDV11 base 
ROM and reprompt. 

Diagnostic Lights 

When a failure occurs in a diagnostic test or in a bootstrap program, 
the diagnostic light display indicates the area of the failure as shown in 
Table 8. A failure causes the error to be indicated by the display and 
an error halt instruction is carried out by the processor. When entering 
the halt mode, the processor outputs the PC address at the time of the 
error on the console terminal. (The actual error address is one word 
less than the terminal printout.) In the halt mode, the processor re- 
sponds to console ODT commands and the operator can troubleshoot 
the error. Table 9 lists the possible address and the cause of some 
errors. 



ROM 

Extended diagnostic 
2708 

Program ROM 
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BEVNT L Switch 

Contact 5 of dip-socket switch E21 is the BEVNT L switch. When the 
switch is off (open), the LSI-11 bus BEVNT L signal can be controlled 
by the power supply-generated LTC signal. When the switch is on 
(closed), the LTC function is program-controlled, i.e., a single-bit, 
write-only register in the logic (address 177546, bit 6) clamps BEVNT L 
low when the register is cleared. (The register is automatically cleared 
when the power is turned on or when the RESTART switch is cycled.) 

Power OK LED 

This green LED is lit when the +12 Vdc supply voltage is greater than 
+ 10 V and the +5 Vdc supply voltage is greater than +4 V for normal 
operating conditions. The +12 Vdc voltage and the +5 Vdc voltage 
can be measured at the tip jacks as indicated below. (Both J2 and J3 
have a 560-ohm resistor in series to prevent damage from a short 
circuit; use at least a 20,000 ohm/V meter to measure the voltage.) 

Jack Color Voltage 

J1 Black Ground 

J2 Red +5 Vdc 

J3 Purple +12 Vdc 



HALT/ENABLE Switch 

When this switch is in the ENABLE position, the processor can operate 
program control. If the switch is placed in the HALT position, the 
processor enters the halt mode and responds to console ODT com- 
mands. While in the halt mode, the processor can execute single in- 
structions for system maintenance. Program control is reestablished 
by returning the switch to the ENABLE position and entering a "P" 
command at the console terminal (providing the contents of register 
R7 were not changed). Refer to the appropriate processor handbook 
for a description of console ODT command usage. 
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Table 8 Diagnostic LED Error Display (D1 -D4)* 



D4 


D3 


D2 


D1 


Comments* 


Bit 3 


Bit 2 


Bit 1 


BitO 


(Type of Error) 


On 


On 


On 


On 


System hung; halt switch on 










or power-up mode wrong. 


Off 


Off 


Off 


On 


CPU, fault, or configuration 










error. 


Off 


Off 


On 


Off 


Memory error; R1 points to bad 










location. 


Off 


Off 


On 


On 


Console SLU will not transmit. 


Off 


On 


Off 


Off 


Waiting for response from 










operator. 


Off 


On 


Off 


On 


Load device fault. 


Off 


On 


On 


Off 


Secondary boot incorrect 










(location 0 not a NOP). 


Off 


On 


On 


On 


DECnet waiting for response 










from host. 


On 


Off 


Off 


Off 


DECnet; received done flag 










set. 


On 


Off 


Off 


On 


DECnet; message received. 


On 


Off 


On 


Off 


ROM bootstrap error. 



* The light pattern indicates the corresponding test is in progress or failed. 
Some tests retry (DECnet) and others will halt the CPU (CPU, memory, non- 
DECnet boots). 



Table 9 List of Error Halts 



Address Cause of Error 

of Error 



1 73 022 Memory error 1 . Write address into itself. 

1 73 040 SLU switch selection incorrect. Error in switches. 

173 046 SLU error. CSR address for selected device. Check 

CSR for selected device in floating CSR address 
area. 



107 



BDV11 



Table 9 List of Error Halts (Cont) 



Address Cause of Error 

of Error 



1 73 050 CP1 error. R0 contains address of error. 

1 73 052 Memory error 2. Data test failed. 

1 73 1 06 Memory error 3. Write and read bytes failed. 

1 73 202 ROM loader error. Checksum on data block. 

1 73 240 CP4 error. R0 contains address of error. 

1 73 366 ROM loader error. Checksum on address block. 

1 73 402 ROM loader error. Jump address is odd. 

1 73 532 RL device error. 

1 73 634 CPU error 3. R0 points to cause of error. 

1 73 642 In console terminal test, a "no" typed. 

1 73 656 RK device error. 

1 73 656 Switch mode halt. Match was not made with switch- 
es. 

1 73 670 Console terminal test. No done flag. 

1 73 706 CPU error 2. R0 points to cause of error. 

1 73 7 1 2 RX device error. 

RESTART Switch 

When the RESTART switch is cycled, i.e., moved from one side to the 
other and back, the CPU automatically carries out a power-up se- 
quence. Thus, for maintenance purposes, the system can be rebooted 
at any time. 

Addressing ROM on the BDV11 module 

A block of 256 LSI- 11 bus addresses is reserved to address the ROM 
locations on the BDV11 module. This block resides in the upper 4K 
address bank (28K-32K), which is normally used for peripheral-device 
addressing, and consists of byte addresses 173000-173776. 
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All 2048 locations in a selected 2K ROM (or 1024 locations in a 1K 
ROM) can be addressed by just these 256 bus addresses. The logic 
includes a page control register (PCR) at bus address 177520; the 
contents of this read/write register determine which specific ROM 
location is accessed when one of the 256 bus addresses is placed on 
the BDAL lines. The PCR is loaded with "page" information, i.e., the 
PCR contents point to 1 of 16 (or 1 of 8) 128-word pages in the select- 
ed ROM (16 pages X 128 words = 2048 words). For example, if the 
PCR contents represent pages 0 and 1, then bus addresses 173000- 
173776 access ROM locations 0000-0377; if the PCR contents repre- 
sent pages 10 and 11, then bus addresses 173000-173776 access 
ROM locations 2000-2377. Table 10 relates bus addresses, PCR 
pages, and ROM locations. 

At the top of each column of PCR pages in Table 10 appear two circuit 
component designations; column 1, for example, is headed by 
E53/E48. These designations represent the ROMs and EPROMs that 
one might find on a BDV11 module. For instance, the BDV11 is sup- 
plied with 2K words of diagnostic ROM. The ROM inserted in socket 
XE53 supplies the high byte (bits 8-15) of these 2K words, while the 
ROM inserted in socket XE48 supplies the low byte (bits 0-7). To ac- 
cess the BDV1 1 diagnostic ROM locations, the user must load the PCR 
with the pages in column 1; thus, when 12 and 13, for example, are 
loaded into the PCR, diagnostic ROM locations 2400-2777 can be 
addressed by the LSI-11 BDAL signals. Another variation of the 
BDV11 could have 1K-word EPROMs inserted in sockets XE57—XE40 
(E57 supplies the high byte, while E40 supplies the low byte). To ac- 
cess these EPROM locations, the user would load the PCR with pages 
in column 3; thus, with 44 and 45 in the PCR, EPROM locations 1000- 
1377 are accessible. 
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PCR Pages 

ROM 

Location E53/ E58/ E57/ E52/ E54/ E59/ E60/ E55/ E51/ E47/ E43/ E39/ 

Bus Address E48 E44 E40 E36 E49 E45 E41 E37 E38 E42 E46 E50 
Accessed 



173000-173376 


0 


20 


40 


50 


200 


220 


240 


260 


300 


320 


340 


360 


0000-0177 


























173400-173777 


1 


21 


41 


51 


201 


221 


241 


261 


301 


321 


341 


361 


0200-0377 


























173000-173376 


2 


22 


42 


52 


202 


222 


242 


262 


302 


322 


342 


362 


0400-0577 


























173400-173777 


3 


23 


43 


53 


203 


223 


243 


263 


303 


323 


343 


363 


0600-0777 


























173000-173376 


4 


24 


44 


54 


204 


224 


244 


264 


304 


324 


344 


364 


1000-1177 


























173400-173777 


5 


25 


45 


55 


205 


225 


245 


265 


305 


325 


345 


365 


1200-1377 


























173000-173376 


6 


26 


46 


56 


206 


226 


246 


266 


306 


326 


346 


366 


1400-1577 


























173400-173777 


7 


27 


47 


57 


207 


227 


247 


267 


307 


327 


347 


367 


1600-1777 



























09 
O 
< 



Table 1 0 BDV1 1 Bus Address/PCR Pages (Cont) 

PCR Pages 

Location E53/ E58/ E57/ E52/ E54/ E59/ E60/ E55/ E51/ E47/ E43/ E39/ 

Bus Address E48 E44 E40 E36 E49 E45 E41 E37 E38 E42 E46 E50 
Accessed 



173000-173376 
2000-2177 
173400-173777 
2200-2377 

173000-173376 
2400-2577 
173400-173777 
2600-2777 

173000-173376 
3000-3177 
173400-173777 
3200-3377 

173000-173376 
3400-3577 
173400-173777 
3600-3777 



10 30 



11 31 



12 32 



13 33 



14 34 



15 35 



16 36 



17 37 



210 230 250 270 310 330 350 370 

211 231 251 271 311 331 351 371 

212 232 252 272 312 332 352 372 

213 233 253 273 313 333 353 373 

214 234 254 274 314 334 354 374 

215 235 255 275 315 335 355 375 

216 236 256 276 316 336 356 376 

217 237 257 277 317 337 357 377 
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As Table 10 implies, the PCR pages are assigned to specific module 
ROM sockets. Furthermore, the sockets are assigned specific kinds of 
ROMs, as Table 11 indicates, e.g., the diagnostic/bootstrap ROM can 
occupy only sockets XE53 and XE48. Thus, a specific ROM can be 
addressed only when the PCR contains the page or pages assigned to 
the socket that the ROM occupies. For example, if 2K-word ROMs are 
inserted in sockets E39 and E50, they can be addressed only when the 
PCR contains pages 360-377. The page/socket assignments indicated 
in Table 10 apply to the BDV1 1 module shipped by DIGITAL. There are 
eight locations on the BDV1 1 printed circuit board in which jumpers 
are inserted selectively to achieve these assignments. The user can 
change the factory arrangement of these jumpers to cause the CPU to 
execute instructions directly from a ROM or EPROM of the user's 
choice when power is turned on, rather than from the diagnostic 
ROMs. 



Table 1 1 Functions of ROM Sockets 



Sockets 



ROM 
Function 



Sockets 



ROM 
Function 



XE53/XE48 
XE58/XE44 



XE57/XE40 
XE52/XE36 
XE39/XE50 
XE43/XE46 



2K Diagnos- XE47/XE42 
tic/Bootstrap 



2K Diagnos- 
tic/ 

Bootstrap 
(reserved for 
DIGITAL) 

1K EPROM 



1K EPROM 

2K System 
ROM 

2K System 
ROM 



XE51/XE38 



XE55/XE37 
XE60/XE41 
XE59/XE45 
XE54/XE49 



2K System 
ROM 

2K System 
ROM 



2K System 
ROM 

2K System 
ROM 

2K System 
ROM 

2K System 
ROM 
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Loading ROM into RAM 

A utility is provided in the BDV1 1 firmware which loads user programs 
from ROM to RAM at specified (and possibly scattered) addresses and 
transfers control to a specified address. This allows a programmer to 
write a program (to be stored in ROM) without knowing the BDV1 1 
mapping hardware or having to "ROMize" the program. This utility 
loads the DIGITAL-reserved space, the 2K EPROM, or the 16K 
ROM/EPROM areas. The utility uses the four highest words of RAM 
(<30K) as scratch space. 

The format is a modified version of absolute loader paper tape format. 
The standard format consists of sequential blocks, organized by byte, 



as follows: 




1 BYTE 


This indicates start of block. 


0 BYTE 


Required. 


BCL 


Low-order eight bits of byte count. 


BCH 


High-order eight bits of byte count. 


ADL 


Low-order eight bits of load address. 


ADH 


High-order eight bits of load address. 


DATA 


Sequential bytes of data. 


CKB 


Checksum byte. 



These frames are repeated as required until a starting address block 
is encountered. This is indicated by a byte count of six, which is too 
short to allow a data field. The load address of this block is used as the 
starting address. 

The format skips every 255th and 256th location in the ROM pattern. 
These locations are filled with checking information which allows 
DIGITAL diagnostics to determine whether the ROMs are good and 
inserted in the correct socket. 

The ROMs should be inserted as indicated by the ROM address chart. 
The user program may be patched by changing only the last ROM of a 
set and by adding a new data block(s) before the starting address 
block. This block will overlay previously loaded data. 

Executing ROMs in the I/O Page 

ROMs may be executed in the I/O page provided their starting ad- 
dress is between 173016 and 173376. The next page lists a program 
which executes in the I/O page. It uses the ROM loader but supplies 
only a starting address block. It must start in the window between 
173000 and 173376 since the ROM boot is executing out of the other 
window. It is the programmer's responsibility to properly map the up- 
per window and then manage all remapping. 
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DCK11-AA, -AC PROGRAM TRANSFER INTERFACE 
GENERAL 

The DCK11-AA and -AC CHIPKITs provide the logic necessary for a 
program transfer interface to the LSI-1 1 bus. 

The DCK11-AA kit contains: 

1-DC003 Interrupt Chip 
1-DC004 Protocol Chip 

4-DC005 Transceiver/Address Decoder/Vector Select Chips 
The DCK11-AC kit contains the above chips plus: 

1-W9512 double-height, extended-length, high-density wire-wrap- 
pable module 

1-BC07D- 10 ten-foot, 40-conductor plug-in cable 

Figure 1 shows a schematic of the program control CHIPKIT part of a 
user's interface. 

FEATURES 

DC003 Interrupt Logic IC Features 

• Two interrupts (A & B) per DC003 

• Interrupt enable flip-flop on the IC 

• Enable flip-flop outputs available to the user 

• Interrupts initially disabled by BUS INIT 

• VECTOR output to the DC005s to gate the Interrupt Vector address 
directly onto the LSI-1 1 bus 

• Interrupt B generates the second LSB of vector address directly 
(VECRQST B H) 

• BUS INIT buffered and made available to the user (INITO L) 

• Contains logic for LSI-1 1 bus "daisy-chained" interrupts 
DC004 Protocol Logic IC Features 

• Device selection features 

- Four register select lines (SEL 6 L, SEL 4 L, SEL 2 L, SEL 0 L) 

- High and low byte output select lines (OUTHB L, OUTLB L) 

- Input select line (INWD L) 

Enable input from higher level decode (ENB H) 

• Bus functions 

Bus reply generated for device addresses and for interrupts 
(BRPLY L) 

Ability to vary bus reply response by adding an RC network 
provided (RXCX H) 
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DC005 Bus Transceiver IC Features 

• Four bits per IC 

• Three bits of address selection logic included on the chip 

• LSI-1 1 bus drivers and receivers 

Drivers— open collector with 70 mA sink capability. 
Receiver— 65 mA input loading. (BUS 0-3L) 

• Internal 3-state bus drivers and receivers 

Drivers— 20 mA sink 

Receivers— standard TTL (DAT 0-3 H) 

• Address selection 

Enable input for use with a higher level decoded input (MENB L) 
Address bits may be excluded from comparison by tying them 
toVCC (JA(3:1)L) 

• Interrupt Vector 

- Vector address bits "ORed" directly onto LSI-1 1 bus (JV(3:1)H) 

SPECIFICATIONS 

For complete Electrical Specifications refer to EJ 17475. A summary of 
the more important specifications follow the pin/signal descriptions 
for individual ICs. 

DC003 Pin/Signal Descriptions 

Pin Signal Description 

1 VECTOR H Interrupt Vector Gating. This signal should 

be used to gate the appropriate vector ad- 
dress onto the bus and to form the bus sig- 
nal called BRPLY L. Type: TTL-OUTPUT 

2 VECRQSTB H Vector Request "B." When asserted, indi- 

cates RQST "B" service vector address is 
required. When unasserted, indicates 
RQST "A" service vector address is re- 
quired. VECTOR H is the gating signal for 
the entire vector address; VECRQSTB H is 
normally bit 2 of the vector address. Type: 
TTL-OUTPUT 
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DC003 Pln/Slgnal Descriptions (Com) 



Pin 

3 



Signal 

BDINL 



INITO L 



BINIT L 



BIAKO L 



BIAKI L 



8 BIRQ L 



Description 

Bus Data In. This signal, generated by the 
processor BDIN, always precedes a BIAK 
signal. Type: BUS-INPUT 

Initialize Out. This is the buffered BINIT L 
signal used in the device interface for gen- 
eral initialization. Type: OPEN COLLECTOR 
WITH 1 K PULL UP - OUTPUT 

Bus Initialize. When asserted, this signal 
brings all driven lines to their unasserted 
state (except INITO L). Type: BUS-INPUT 

Bus Interrupt Acknowledge (Out). This sig- 
nal is the daisy-chained signal that is 
passed by all devices not requesting inter- 
rupt service (see BIAKI L). Once passed by 
a device, it must remain passed until a new 
BIAKI L is generated. Type: BUS-OUTPUT 

Bus Interrupt Acknowledge (In). This signal 
is the processor's response to BIRQ L true. 
This signal Is daisy-chained such that the 
first requesting device blocks the signal 
propagation while non-requesting devices 
pass the signal on as BIAKO L to the next 
device in the chain. The leading edge of 
BIAKI L causes BIRQ L to be unasserted by 
the requesting device. 
Type: BUS-INPUT 

Bus Interrupt Request. This signal Is gener- 
ated when this device needs to Interrupt the 
processor. The request is generated by a 
false to true transition of the RQST signal 
along with the associated true interrupt en- 
able signal. The request is removed after 
the acceptance of the BDIN L signal and on 
the leading edge of the BIAKI L signal or the 
removal of the associated request signal. 
Type: BUS-OUTPUT 
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DC003 Pin/Signal Descriptions (Cont) 



Pin Signal 



10 
17 



12 
15 



13 
14 



RQSTB H 
RQSTA H 



11 ENBSTH 
16 EN AST H 



ENBDATA H 
ENADATA H 



ENBCLK H 
ENACLK H 



Description 

Device Interrupt Request. When asserted 
with the enable flip-flop set, will cause the 
assertion of BIRQ L on the bus. This signal 
line normally remains asserted until the re- 
quest is serviced. Type: BUS-INPUT 

Interrupt Enable Status. This signal indi- 
cates the state of the interrupt enable inter- 
nal flip-flop which is controlled by the signal 
ENX (where X is either A or B) DATA H, and 
the ENX (where X is either A or B) CLK H 
clock line. Type: TTL-OUTPUT 

Interrupt Enable Data. The level on this line, 
in conjunction with the ENX (where X is ei- 
ther A or B) CLK H signal, determines the 
state of the internal interrupt enable flip- 
flop. The output of this flip-flop is monitored 
by the ENX (where X is either A or B) ST H 
signal.Type: TTL-INPUT 

Interrupt Enable Clock. When asserted (on 
the positive edge), interrupt enable flip-flop 
assumes the state of the ENX (where X is 
either A or B) DATA H, signal line. Type: 
TTL-INPUT 



Summary of Electrical Specifications for DC003 

Ambient Temperatures 0°C to 70°C 



TTL Input 

High-level input current 

Low-level input current 
I , L (V ,=0.5V) 

Exceptions 



50 fiA max. 
I, H (V=2.7V) 

-.55 mA max. 



Pins 12 & 15 ENX DATAH 
l| H = 100 /iA max. 
I|L = -2.0 mA max. 
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TTL Outputs 

High-level output voltage 
v oh('o = _1 mA max ) 



2.7V min. 



Low-level output voltage 



0.5V max. 



v Ol('o= 20 mA max.) 

Bus (HI Z) Input and (open collector) outputs. 
Bus Inputs 

High-level input current 40/tA max. 

I,h(V, = 3.8V) 

Low-level input current -10/iA max. 

I IL (V , = 0V) 

Bus Outputs 

Low-level output voltage 0.8V max. 

v LO 0 sink = 7 0 mA max.) 

DC004 Pin/Signal Descriptions 

Pin Signal Description 

1 VECTOR H Vector. This input causes BRPLY L to be 



generated through the delay circuit. Inde- 
pendent of BSYNC L and ENB H. Type: 
TTL-INPUT 



2 
3 
4 



BDAL2 L 
BDAL1 L 
BDALO L 



Bus Data Address Lines. These signals are 



latched at the assert edge of BSYNC L. 
Lines 2 and 1 are decoded for the select 
outputs; line 0 is used for byte selection. 
Type: BUS-INPUTS 



5 



BWTBT L 



Bus Write/Byte. While the BDOUT L input is 
asserted, this signal indicates a byte or 
word operation: asserted = byte, unassert- 



ed = word. Decoded with BDOUT L and 
latched BDALO L to form OUTLB L and 
OUTHB L. Type: BUS-INPUT 
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DC004 Pin/Signal Descriptions (Cont) 



Pin Signal 

6 BSYNC L 



11 



12 
13 



14 
15 
16 
17 



BDINL 



BRPLY L 



BDOUT L 



INWDL 



OUTLB L 
OUTHB L 



SELOL 
SEL2L 
SEL4L 
SEL6L 



Description 

Bus Synchronize. At the assert edge of this 
signal, address information is trapped in 
four latches. While unasserted, disables all 
outputs except the vector term of BRPLY L. 
Type: BUS-INPUT 

Bus Data In. This is a strobing signal to ef- 
fect a data input transaction. Generates 
INWD L and BRPLY L through the delay cir- 
cuit and INWD L Type: BUS-INPUT 

Bus Reply. This signal is generated through 
an RC delay by VECTOR H, or BDIN L, or 
BDOUT L and the AND of BSYNC L and 
latched ENB H. Type: BUS-OUTPUT 

Bus Data Out. This is a strobing signal to 
effect a data output transaction. Decoded 
with BWTBT L and BDALO to form OUTLB L 
and OUTHB L. Generates BRPLY L through 
the delay circuit. Type: BUS-INPUT 

In Word. Used to gate (read) data from a 
selected register onto the data bus. En- 
abled by BSYNC L and strobed by BDIN L. 
Type: TTL-OUTPUT 

Out Low Byte. Out High Byte. Used to load 
(write) data into the lower, higher, or both 
bytes of a selected register. Enabled by 
BSYNC L and decode of BWTBT L and 
latched BDALO L, and strobed by BDOUT L. 
Type: TTL-OUTPUT 

Select Lines. One of these four signals is 
true as a function of BDAL2 L and BDAL1 L 
if ENB H is asserted at the asserted edge of 
BSYNC L. They indicate that a word register 
has been selected for a data transaction. 
These signals never become asserted ex- 
cept at the assertion of BSYNC L (then only 
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DC004 Pin/Signal Descriptions (Cont) 



Pin Signal 



18 RXCXH 



19 ENBH 



Description 

if ENB H is asserted at that time) and once 
asserted, are not unasserted until BSYNC L 
becomes unasserted. Type: TTL-OUTPUT 

External Resistor Capacitor Node. This 
node is provided to vary the delay between 
the BDIN L, BDOUT L, or VECTOR H inputs 
and BRPLY L output. The external resistor 
should be tied to V cc and the capacitor to 
ground. As an output, it is the logical inver- 
sion of BRPLY L. Type: OPEN-COLLEC- 
TOR OUTPUT 

Enable. This signal is latched at the assert- 
ed edge of BSYNC L and is used to enable 
the select outputs and the address term of 
BRPLY L. Type: TTL-INPUT WITH 850H 
PULL UP 



Summary of Electrical Specifications for DC004 



Ambient Temperatures 
TTL Inputs 

High level input current 
l IH (V, = 2.7V) 

Low level input current 
l| L (V| = 0.5V) 

Exceptions 



0°C to 70°C 



50 /xA max. 

-.70 mA max. 

Pin 19 ENBH 

I jH = -3.85 mA max. 

I|L = -8.0 mA max. 



TTL Outputs 

High Level output voltage 
VoH('o = -1mA) 

Low level output voltage 
V O L('o = 20mA) 

Bus (Hi- Z) Inputs and (Open Collector) Outputs 

Bus inputs 



2.7V min. 



0.5V max. 
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High level input current 

l| H (V| = 3.8V) 40MAmax. 
Low level input current 

l| L (V, = OV) -lO/zAmax. 

Bus Outputs 

Low level output voltage 

v LO 0 sink = 7 0 mA ) 0.8V max. 



DC005 Pin/Signal Descriptions 



Pin 


Signal 


Description 




duo(o.u) l 






DUOU U 


bus uaxa. i nis set ot Tour lines constitutes 


11 


BUS1 L 


the bus side of the transceiver. Open collec- 


9 


BUS2L 


tor outputs; high-impedance inputs. Low= 


8 


BUS3L 


1. Type: BUS-INPUT/OUTPUT 




DAT(3:0) H 




18 


DATOH 


Peripheral Device Data. These four tri-state 


17 


DAT1 H 


lines carry the inverted received data from 


7 


DAT2H 


BUS (3:0) when the transceiver is in the re- 


6 


DAT3H 


ceive mode. When in transmit data mode, 






the data carried on these lines are passed 






inverted to BUS (3:0). When In the disabled 






mode, these lines go open (Hl-Z). High = 1. 






Type: TTL-INPUTS 




JV(3:1)H 


Vector Jumpers. These inputs, with internal 


14 


JV1 H 


pull-down resistors, directly drive BUS 


15 


JV2H 


(3:1). A low or open on the jumper pin will 


16 


JV3H 


cause an open condition on the corres- 



ponding bus pin if XMIT H Is low. A high will 
cause a one (low) to be transmitted on the 
bus pin. Note that BUSO L Is not controlled 
by any Jumper input. TYPE: TTL-INPUT 
WITH PULL DOWN 



13 MENBL Match Enable. A low on this line will enable 

the Match output. A high will force MATCH 
low, overriding the MATCH circuit. TYPE: 
BUS-INPUT 
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DC005 Pin/Signal Descriptions (Cont) 
Pin Signal Descriptions 



1 
2 
19 



MATCH H 



JA(3:1)L 
JA1 L 
JA2L 
JA3L 



XMITH 
RECH 



Address Match. When BUS (3:1) match with 
the state of JA (3:1) and MENB L is low, this 
output is open; otherwise it is low. TYPE: 
BUS-OUTPUT 

Address Jumpers. A strap to ground on 
these inputs will allow a match to occur with 
a 1 (low) on the corresponding BUS line; an 
open will allow a match with a 0 (high); a 
strap to V cc will disconnect the corres- 
ponding address bit from the comparison. 
TYPE: TERNARY-INPUT (SEE TEXT) 

Control Inputs. These lines control the op- 
eration of the transceiver as follows: 



REC XMIT 

0 0 

0 1 

1 0 

1 1 



DISABLE:BUS,DAT open 
XMIT DATA:DAT-»BUS 
RECEIVE:BUS-*DAT 
RECEIVE: BUS-^DAT 



To avoid 3-state signal overlap conditions, 
an internal circuit delays the change of 
modes between XMIT DATA and RECEIVE 
mode and delays 3-state drivers on the DAT 
lines from enabling. This action is indepen- 
dent of the DISABLE mode. 

Summary of Electrical Specifications for DC005 

Ambient Temperatures 0°Cto70°C 

TTL Inputs 

High level input current — 
l IH (V, = 2.7V) 

REC H Pin 4 1 00 fiA max. 

XMITH Pin 5 50/tAmax. 

Low level input current — 
l, L (V, = 0.5V) 
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-2.2 mA max. 
-1.1 mA max. 



TTL Outputs 

High Level output volt- 3.65V min. 

ageVoH Co = " 1 
MA) 

Low level output volt- 0.5V max. 
age V OL (I o = 20 mA) 

Bus (Hi-Z) Inputs and (Open Collector) Outputs 

Bus inputs 

High level input current 65 nA max. 
I, H (V,=3.8V) 

Low level input current - 1 0 juA max. 
I IL (V| = 0.5V) 

Bus Outputs 

Low level output volt- 0.8V max. 

ageV L0 (l si nk= 7 0 

mA) 

DESCRIPTION 

PROGRAM CONTROL CHIPKIT APPLICATION 

In Figure 1, the transceivers (four DC005s) provide data lines DO 
through D15 to reflect the state of the bus lines BDAL 0-15, when REC 
H is asserted, and to drive the BDAL lines when XMIT is asserted. 
Address and interrupt vector information for interrupt request and 
device selection is also provided by the DC005. The device address is 
set up using input lines A3 through A12, while the interrupt vector 
address is set up using input lines V3 through V8. 

When the address lines (JA inputs on DC005s) match the state of the 
associated BDAL lines, the MATCH output will float high such that all 
DC005s will let ENB H on the DC004 be asserted, thus enabling the 
DC004 to look for proper synchronizing signals from the bus. Once 
these synchronizing signals (BDIN, BDOUT, BSYNC, and BWTBT) are 
present, the DC004 generates the control signals (INWD, OUTHB, 
OUTLB, and SEL 0, 2, 4, 6) for the user's device. 

The protocol logic (DC004) functions as a register selector to provide 
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the signals necessary to control data flow into and out of the user's 
registers. When the proper device address has been decoded by the 
device address comparator (all DC005s), the MATCH outputs let the 
ENBH input go high, thus enabling the DC004 protocol logic. Address 
bits D01 H and D02 H are decoded by the protocol logic, producing 
one of the SEL outputs, while bit DO and BWTBT are decoded for 
output word/byte selection (OUTHB L, OUTLB L). The device select 
line (SEL 0, 2, 4, 6) and word/byte select lines (INWD L, OUTHB L, 
OUTLB L) are used by the user's logic. Each SEL output is used to 
select one of four user's registers, and the word/byte lines are used to 
determine the type of transfer (word or byte) to or from these registers. 

Either BDIN L or BDOUT L, depending on the type of bus cycle, will 
initiate a delay whose value is dependent on the time constant of the 
RC network connected to pin RXCX H of the DC004. The end of this 
delay will initiate a reply to the CPU indicating that the address has 
been received. 

The interrupt logic (DC003) performs an interrupt transaction. Two 
channels (A and B) are provided for generating two interrupt requests, 
with channel A having the highest priority. The interrupt enable flip- 
flop within the interrupt logic must first be set when the user's device is 
to interrupt the LSI-11. This is accomplished by asserting (logic H)the 
ENX DATA* line and then clocking the enabled flip-flop by asserting 
the ENX CLK* line. With the interrupt enable flip-flop set, the user's 
device may then make an interrupt request by asserting (logic H) 
RQSTX*. When RQST is asserted and the interrupt enable flip-flop is 
set, the interrupt logic asserts BIRQ L to the bus which initiates the bus 
"handshake" operation. This operation terminates with the generation 
of the vector address by the DC005 under the control of the DC003, 
and it's signals VECTOR H and VECRQSTB H. 

The interrupt logic available to the user indicates the status of the 
interrupt logic enable flip-flops. Each line is asserted (logic H) when 
the appropriate interrupt enable flip-flop is set. These status lines can 
function as part of the user's control status register (CSR). The 
VECRQSTB H line is asserted (logic H) when the device connected to 
channel B has been granted use of the bus for interrupt vector transfer 
operation. When VECRQSTB H is unasserted (logic L), the user's de- 
vice connected to channel A of the Interrupt logic has been granted 
use of the bus. The INITO L output from the interrupt logic can be used 
to initialize the user's logic. 

* X may be either A or B depending on which half of the interrupt logic is being 
enabled. 
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NOTE: 

CLOSE SWITCH FOR ONE 
OPEN SWITCH FOR ZERO 



Figure 1 DCK1 1 Bus Interface Typical Application 
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DC003 Interrupt Logic (DEC #19-12730-00) 

The interrupt chip is an 18-pin, 0.762 cm center X 2.349 cm long (max) 
(0.3 in. center x 0.925 in. long) dual-in-line-package (DIP) device that 
provides the circuits to perform an interrupt transaction in a computer 
system that uses a daisy-chain type of arbitration scheme. The device 
is used in peripheral interfaces to provide two interrupt channels la- 
beled "A" and "B," with the A section at a higher priority than the B 
section. Bus signals use high-impedance input circuits or high-current 
open collector outputs, which allow the device to directly attach to the 
computer system bus. Maximum current required from the V cc sup- 
ply is 140 mA. 

Figure 2 is a simplified logic diagram of the DC003 IC. Table 1 de- 
scribes the signals and pins of the DC003 by pin and signal name. 




Figure 2 DC003 Simplified Logic Diagram 
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DC004 Protocol Logic (DEC #19-12729-00) 

The protocol chip is in a 20-pin 0.762 cm center X 2.74 cm long (0.3 in. 
center x 1 .08 in. long) DIP device that functions as a register selector, 
providing the signals to control the data flow into and out of up to four 
word registers (eight bytes). Bus signals can directly attach to the 
device because receivers and drivers are provided on the chip. How- 
ever, the DC004 is now ordinarily used with the user's three-state bus 
to limit Bus loading. An RC delay circuit Is provided to slow the re- 
sponse of the peripheral interface to data transfer requests. The cir- 
cuit is designed such that if tight tolerance is not required, then only an 
external 1 K ±20 percent resistor is necessary. External RCs can be 
added to vary the delay. Maximum current required from the V cc 
supply is 120 mA. 

Figure 3 is a simplified logic diagram of the DC004 IC. Signals and pin 
definitions for the DC004 are presented in Table 2. 

NOTE 

The pin names shown in this diagram are for the 
situation where the DC004 is connected to the inter- 
nal 3-state bus of the DCOOSs, not connected directly 
to the LSI-11 bus. 

VECTOR M C 1 2C 3 VCC 

B0ALZt.CZ I9 3ENBH 

BOALt L C 9 18 J RXCXK 

BDALO Lit 17 3 SELO L 




Figure 3 DC004 Simplified Logic Diagram 
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DC005 Transceiver Logic (DEC # 1 9-1 3040) 

The 4-bit transceiver is a 20-pin, 0.762 cm center X 2.74 cm long (0.3 
in. center x 1.08 in. long) DIP, low-power Schottky device; its primary 
use is in peripheral device interfaces to function as a bidirectional 
buffer between a data bus and peripheral device logic bus. It also 
includes a comparison circuit for device address selection and a 
constant generator for interrupt vector address generation. The bus 
I/O port provides high-impedance inputs and high drive (70 m A) open 
collector outputs to allow direct connection to a computer data bus 
structure. On the peripheral device side, a bidirectional port is also 
provided, with standard TTL inputs and 20 mA, tri-state drivers. Data 
on this port are the logical inversion of the data on the bus side. 

Three address "jumper" inputs are used to compare against three bus 
inputs to generate the signal MATCH. The MATCH output is open 
collector, which allows the output of several transceivers to be wire- 
ANDed to form a composite address match signal. The address jump- 
ers can also be put into a third logical state that disables jumpers for 
"don't care" address bits. In addition to the three address jumper 
inputs, a fourth high-impedance input line is used to enable/disable 
the MATCH output. 

Three vector jumper inputs are used to generate a constant that can 
be passed to the computer bus. The three inputs directly drive three of 
the bus lines, overriding the action of the control lines. 

Two control signals are decoded to give three optional states: receive 
data, transmit data, and disable. 

Maximum current required from the V cc supply is 120 mA. 

Figure 4 is a simplified logic diagram of the DC005 IC. Signal and pin 
definitions for the DC005 are presented in Table 3. 
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Figure 4 DC005 Simplified Logic Diagram 



CONFIGURATION 

The drawings on the following pages show sample circuits that may be 
helpful in applying the CHIPKITS. 
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3 



\7 



DC005'S 
(BUS 
TRANSCEIVERS) 



INTERNAL 
3 -STATE 



OUTPUT 
REGISTER 



D Q 
C 



INPUT 
(3 -STATE 
DRIVERS) 



USER 



OPTIONAL 

INPUT 
REGISTER 



lO D 

I I 



Figure 5 Data Path Flow Diagram 



FROM DCOOS'S 
HIGH ORDER BITS' 



from/outhb l- 

DC004 \_ SELX L- 



OUTPUT REGISTER HIGH BYTE 



3 -STATE 
DRIVERS 



WRITE OUTPUT 
REGISTER 
HIGH BYTE 



OUTPUT REGISTER LOW BYTE 



FROM DCOOS'S 
LOW ORDER BITS" 



3- STATE 
DRIVERS 



WRITE OUTPUT 
REGISTER 
HIGH BYTE 



■TO USER 



Figure 6 Example of Output Register 
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TO DC005 
INTERNAL BUS 
(LOW ORDER 
8 BITS) 



FROM INWD L 
DC004 SELX L 



74LS32 



LOW BYTE 



3-STATE 
DRIVERS 



74LS374 
READ DATA 
LOW BYTE L 



ic 



.FROM 
USER 



STROBE 
■ FROM 



USER 



Figure 7. Example of Input Register (BYTE) 



TO DC005, 
INTERNAL < 
BUS 



74LS32 



FROM f INWD L <T^\ 

DC004 V.SELX L c j J * 



LOW BYTE REGISTER 



3-STATE 
DRIVERS 



<3 



D 

tc 



74LS374 



HIGH BYTE REGISTER 



3-STATE 
DRIVERS 



D 



74LS374 



READ DATA 
WORD L 



_2 FROM 

USER 



FROM 
USER 



STROBE 
-FROM 



USER 



Figure 8 Example of Input Register (WORD) 
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This example is the interrupt enable bit for interrupt A which connects 
to bit 6 of the example CSR. /\ 



INTERRUPT 
LOGIC 



FROM f SELO 
OC004 ^ INWD 



t=£> 



INTERNAL 3-STATE 
BUS 



CSR 
READ 
ENABLE L 



BUS 
TRANCEIVER 



\7 

LSI -11 
BUS 



Figure 9 Typical CSR Bit 



INTERNAL / 
OC00S< 
BUS 



SEL 0 L • 
INWD L - 



3l 



3D* 



' — o 



-ENAST H 



THESE BITS ARE 
NOT USED SO 



CSR 
READ L 



(CSR REGISTER SELECT 
FROM DC004) 



DATA BITS 
15, 12,11,414 



DATA BITS 
10,9,8,413 



DATA BITS 
7. 6.5,0 



DATA BITS 
4,3,2,1 



WHEN THE CSR IS READ (SEL 0 L = 0) THE SIGNAL 
GMIT WILL BE 0 CAUSING THE UNUSED DC005 
BITS TO BE READ AS ZEROS. (HIGH ON BDAL LINES) 
FOR ANY OTHER REGISTER GMIT = XMIT. 



Figure 10 Sample Circuit to Cause Unused CSR Bits to be Read as 

Zeros 
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This example is the A interrupt request and a DATA READY status bit 
(bit 7 of the CSR). 



EXTERNAL 
INTERRUPT ■ 
REQUEST L 



SE12 I 
1NW0 L 



READ DATA 
2^ REGISTER L 74lso , 



— d -\JRDR 1+ IN IT I) 

r 3=> 



TO DATA 
► REGISTER 
CIOCK INPUT 



BIRO l 

BIAKI L 

BIAKO L 
1NTTO L 



INTERRUPT LOGIC 



V 



SEIO L 
INWD L 



CSR READ ENABLE 



DATA 7 
- (CSR DATA READY BIT) 
(TO INTERNAL 3-STATE 
BUS BIT 7) 



Figure 1 1 Typical Interrupt Request 
BUS REPLY DELAY TIMES 

Bus Reply delays as a function of RC values connected to pin 18 
(RXCXH)ofthe DC004. 

k1. RX = 1 Kfi 5% 
CX = 0 

Delay ~ 50 ns from falling edge of BDIN L, or BDOUT L, or rising 
edge of VECTOR H to BRPLY L falling edge. 

2. RX = 1Kfi5% 
CX = 470pf5% 

Delay as described in item 1 above ~ 200 ns. 

3. RX=10Kfl5% 
CX = 1000pf5% 

Delay as described above ~ 3.2 *tsec 



1 / 



i r 



1 



WHERE S = DELAY DESCRIBED IN ITEMS 1-3 
Figure 12 
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DCK11-AB, -AD DIRECT MEMORY ACCESS INTERFACE 
GENERAL 

The DCK11-AB and -AD CHIPKITs provide the logic necessary for a 
Direct Memory Access (DMA) interface to the LSI-1 1 bus. 

The DCK11-AB kit contains: 

1-DC003 Interrupt Chip 

1- DC004 Protocol Chip 

4-DC005 Transceiver/Address Decoder/Vector Select Chips 

2- DC006 Word Count/Bus Address Chips 
1-DC010 DMA Control Chip 

The DCK11-AD kit contains the above chips plus: 

1-W9512 double-height, extended-length, high-density wlre-wrappa- 

ble module 

1-BC07D-10 ten-foot, 40-conductor plug-in cable 

Figure 1 shows a typical interconnection of DMA CHIPKIT compo- 
nents, in block diagram form. 

DMA applications use the same chips as program control interfaces, 
plus two DC006s for word or byte address counters and a DC010 DMA 
bus control IC. 

DC006 Word and Address Counter IC Features 

• Two 8-bit counters on each IC 

• 16-bit address and word counters available in two ICs cascaded 

• Input and output share pins on the 3-state bus 

• Read and write control logic located on the IC 

• Maximum count decoded and brought out for user 
DC010 DMA Logic Features 

• Uses an external 8 MHz clock to generate LSI-1 1 bus signals for 
DIN, DOUT, SYNC, and SACK 

• Inputs allow selection of cycle type (DATI, DATO, DATIO) 

• Interfaces with DMA daisy-chain signals 

• Allows an external RC network to force a variable wait before the 
next bus request is made (TMOUT H) 

• An input which allows a maximum of four transfers before the bus is 
released, when enabled (CNT4 H) 
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SPECIFICATIONS 

This section contains a summary of the most important specifications 
for DC006 and DC010. See the previous section DCK11-AA, -AC for a 
summary of specifications for DC003, DC004, and DC005. 



DC006 Pin/Signal Descriptions 
Pin Signal 

6 CNT1A 



CLK-A 



16 



CLK-C 



S-A 



Description 

Count A Counter by 1 (TTL In- 
put). This signal controls the 
least significant bit of the A 
counter. When CNT1A is low, 
the A counter increments by 
one. When high, the LSB is 
prevented from toggling, 
hence the counter increments 
by two. When two counters are 
cascaded, CNT1A on the high- 
order counter should be 
grounded. 

Clock A Counter (TTL Input). 
This clock signal increments 
the A counter on its negative 
edge. The counter is incre- 
mented by one or two, de- 
pending on CNT1A. CNT1A 
and LD must be stable while 
CLK-A is high. 

Clock C Counter (TTL Input). 
This clock signal Increments 
the C counter by one on its ne- 
gative edge. LD must be stable 
while CLK-C is high. 

Select A Counter (TTL Input). 
This signal allows the selection 
of the A counter according to 
the truth tables. 
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DC006 Pin/Signal Descriptions 



Pin Signal 

19 S-C 

4 RD-A 

5 RD- 
18 LD 

7-9 D/F(7:0) 
11-15 

1 MAX-A 

17 MAX-C 



Description 

Select C Counter (TTL Input). 
This signal allows the selection 
of the A counter according to 
the truth tables. 

Read A Counter (TTI Input). 
This signal allows the selection 
of the A counter according to 
the truth tables. 

Read (TTL Input). This signal 
allows the read operation to 
take place according to the 
truth tables. 

Load (TTL Input). When this 
signal goes through a high-to- 
low transition, the load opera- 
tion is allowed to take place 
according to the truth tables. 
No data changes permitted 
while LD is low. 

Data Bus (Bidirectional, 3- 
State Outputs/TTL Inputs). 
These eight bidirectional lines 
are used to carry data in and 
out of the selected counter. 

Maximum A Count(TTL Out- 
put). This signal is generated 
byANDing CLK-Aand the 
maximum count condition of 
counter A (count 376 when 
counting by 2 or count 377 
when counting by 1). 

Maximum C Count (TTL Out- 
put). This signal is generated 
byANDing CLK-C and the 
maximum count conditions of 
counter C (count 377). 
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Summary of Electrical Specifications for DC006 

Ambient Temperatures 0° to 70° 

TTL Inputs 

High level input current 

I ih (V | = 2.7V) 55 mA max. 

Low level input current 

l, L (V| = 0.5V) -1.7 mA max. 

TTL Outputs 

High level output volt- 2.7V min. 

ageV 0H (l Q = -l 

mA) 

Low level output volt- 0.5V max. 
age V 0L (I o = 20 mA) 

DC010 Pin/Signal Descriptions 

Pin Signal Description 



REQH 



13 



BDMGI L 



16 



CNT4H 



Request (TTL Input). A high on 
this signal initiates the bus re- 
quest transaction. A low allows 
the termination of bus master- 
ship to take place. 

DMA Grant Input (Hi-Z Input). 
A low on this signal allows bus 
mastership to be established if 
a bus request was pending 
(REQ = high); otherwise, this 
signal is delayed and output as 
BDMGO L. 

Count Four Input (TTL Input). 
A high on this signal allows a 
maximum of four transfers to 
take place before giving up 
bus mastership. A low dis- 
ables this feature and an un- 
limited transfer will take place 
as long as REQ is high. If left 
open, this pin will assume a 
high state. 
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DC010 Pin/Signal Descriptions (Cont) 

Pin Signal Description 

1 4 TMOUT H Time-Out (TTL Input/Open 

Collector Output). This I/O pin 
is low while MASTER ENA is 
high. It goes into high im- 
pedence when MASTER ENA 
is low. When driven low it pre- 
vents the assertion of BDMR; 
when driven high it allows the 
assertion of BDMR to take 
place if BDMR has been ne- 
gated due to the 4-maximum 
transfer condition. An RC net- 
work may be used on this pin 
to delay the assertion of 
BDMR. 

3 DATIN L Data In (TTL Input). This signal 

allows the selection of the type 
of transfers to take place ac- 
cording to the truth table. 

2 DATIOL Data IN/Out (TTL Input). This 

signal allows the selection of 
the type of transfer to take 
place according to the truth ta- 
ble. During a DATIO transfer, 
this signal must be toggled in 
order to allow the completion 
of the output portion of the I/O 
transfer. 

If left open, this pin will as- 
sume a high state. 

12 RSYNCH Receive Synchronize (TTL In- 

put). This signal allows the de- 
vice to become master 
according to the following re- 
lationship: 
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DC010 Pin/Signal Descriptions (Cont) 



Pin Signal 

17 CLKL 

15 RPLYH 

19 INITL 

11 BDMRL 

9 MASTER H 



Description 

RSYNC L ■ RPLY 
H- MASTER 
ENA = MASTER 

Clock (TTL Input). This clock 
signal used to generate all 
transfer timing sequences. 

Reply (TTL Input). This signal 
is used to enable or disable 
the clock signal. This signal al- 
so allows the device to be- 
come master according to the 
following relationship: 

RSYNC L • RPLY H ■ MASTER 
ENA = MASTER 

Initialize (TTL Input). This sig- 
nal is used to initialize the chip 
to the state where REQ is 
needed to start a bus reqest 
transaction. When INIT is low, 
the following signals are ne- 
gated: BDMR L, MASTER H, 
DATEN L, ADREN H, SYNC H, 
DINH, DOUTH. 

DMA Request (Open Collector 
Output). A low on this signal 
indicates that the device is re- 
questing bus mastership. This 
output may be tied directly to 
the bus. 

Master (TTL Output). A high 
on this signal indicates that the 
device has bus mastership 
and a transfer sequence is in 
progress. 
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DC010 Pin/Signal Descriptions (Cont) 



Pin 



Signal 

BDMGO L 



18 



TSYNC H 



DATEN L 



ADREN H 



DIN H 



DOUTH 



Description 

DMA Grant Output (Open Col- 
lector Output). This signal Is 
the delayed version of BDMGI 
if no request is pending; other- 
wise, it is not asserted. This 
output may be tied directly to 
the bus. 

Transmit Synchronize (TTL 
Output). This signal is assert- 
ed by the device to indicate 
that a transfer is in progress. 

Data Enable (TTL Output). 
This signal is asserted to indi- 
cate that data may be placed 
on the bus. 

Address Enable (TTL Output). 
This signal is asserted to indi- 
cate that an address may be 
placed on the bus. 

Data In (TTL Output). This sig- 
nal is asserted to indicate that 
the bus master device is ready 
to accept data. 

Data Out (TTL Output). This 
signal is asserted to indicate 
that the bus master device has 
output valid data. 



Summary of Electrical Specifications for DC010 

Ambient Temperatures 0°C to 70°C 



TTL Inputs 

High level input current 
I , H (V | = 2.7V) 



300 fiA max. 
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Low level input current -2.0 mA max. 
I| L (V| = 0.5V) 

TTL Outputs 

High Level output volt- 2.7V min. 

ageV 0H (l 0 = -1 

mA) 

Low level output volt- 0.5V max. 
ageV 0L (l 0 = 8mA) 

Bus (HI - Z) Inputs and (Open Collector) Outputs 

Bus inputs 

High level input current 65 nA max. 
I, H (V| = 3.8V) 

Low level input current -10 max. 
I| L (V| = 0.5V) 

Bus Outputs 

Low level output volt- 0.8V max. 

ageV LO (l slnk = 70 

mA) 



DESCRIPTION 

DMA CHIPKIT Application 

Figure 1 shows how four DC005 transceivers are used to handle the 
first 16 BDAL lines (BDAL 0-BDAL 15) from the LSI-11 bus and to 
provide the interface to the internal 3-state bus. The transceivers are 
enabled to receive data from the LSI-1 1 bus when the REC H line is 
driven high. Similarly, the transceivers transmit data to the LSI-1 1 bus 
when the XMIT H line is driven high. Normally, the DC005s are in the 
receive state (REC H line asserted) and allow the transceivers to moni- 
tor the LSI-1 1 bus for device addresses. 

Device address and vector switch inputs to the transceivers provide 
convenient address and vector selection. 
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NOTE 

A - SWITCHES ARE FOR DEVICE ADDRESS 
SELECTION. 

V - SWITCHES ARE FOR VECTOR 
SELECTION. 

CLOSE (ONI SWITCH FOR "I". 
OPEN (OFF) SWITCH FOR "0" 



Figure 1 Typical DMA CHI PKIT Application 

Switches A3 through A12 are the device address selection switches 
and switches V3 through V8 are for vector selection. Switches are ON 
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(closed) for a 1 bit and are OFF (open) for a 0 bit. The addressable 
registers are: 

Register Bank 7 

Octal Address 



Bus Address Register 
Word Count Register 
Control/Status Register 
Output Buffers 



1XXXX0 
1XXXX2 
1XXXX4 
1XXXX6 



The user selects a base address for the bus address register and sets 
the device address selection switches to decode this address. The 
remaining register addresses are then properly decoded as sequential 
addresses beyond the bus address register (Figures 2 and 3). 



DECODED BY BBS7 



SELECTED BV SWITCHES 



DECODED FOR 
1 OF 4 
REGISTERS 



16 IS 14 



08 07 06 05 04 03 



At 1 
(S2-1I 



A12 

(S2-2I 



A10 
IS1-8I 



A8 

(SI -61 



A6 
(SI -41 



BYTE 
CONTROL 



Figure 2 Device Address Select Format 



3RD OCTAL 
DIGIT 
(0OR4I 



1ST 
OCTAL 
DIGIT 



2ND 
OCTAL 
DIGIT 



PREASSIGNED 
AS ZEROS 























V7 
(S2-7) 


I 

V5 
(S2-5) 


V3 
(S2-3) 





IS2-8) (S2-6) (S2-4I (NOTE) 

NOTES 

V2 = 1 FOR TRANSFER COMPLETE INTERRUPT. 
V2= 0 FOR TIME OUT INTERRUPT 



Figure 3 Interrupt Vector Select Format 
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The DC004 is the internal register selector. This integrated circuit 
monitors BDAL lines 0, 1, and 2 to determine which register address 
has been placed on the LSI-11 bus. The states of BDOUT and BDIN 
are also monitored to determine the type of transfer (DATO or DATI). 
When an address for an internal register is placed on the LSI-1 1 bus, 
one of the SEL outputs from the OC004 is driven low. This selects that 
particular register for the transfer (into or out of the master device) is 
determined by the state of the OUTHB L, OUTLB L, or INWD L lines. 
Internal register selection is summarized as follows: 



Control Line 


Select 


Register 


INWD L (Read) 


SELOL 


Bus Address Register 


INWD L (Read) 


SEL2L 


Word Count Register 


OUTHB L (Write High Byte) 


SELOL 


Bus Address Register 


OUTHB L (Write High Byte) 


SEL2L 


Word Count Register 


OUTLB L (Write Low Byte) 


SELOL 


Bus Address Register 


OUTLB L (Write Low Byte) 


SEL2L 


Word Count Register 


INWD L (Read) 


SEL4L 


Control/Status 


OUTHB L and MRPLY L 


SEL4L 


Register 
Control/Status 


(Write CSR High Byte) 




Register 


OUTLB Land MRPLY L 


SEL4L 


Control/Status 


(Write CSR Low Byte) 




Register 


OUTHB L and MRPLY L 


SEL6L 


Output Buffer 


(Write High Byte) 






OUTLB Land MRPLY L 


SEL6L 


Output Buffer 



(Write Low Byte) 

Note that MRPLY L is the BRPLY L output of the DC004 and is used 
along with OUTHB L and OUTLB L to write either the high or low byte 
in the control/status register or the output buffers. Write byte selection 
for the bus address register and the word count register is controlled 
only by the OUTHB L and OUTLB L lines. Words can be written to the 
control/status register or the output buffer registers by driving both 
OUTHB L and OUTLB L to the low state at the same time. 

The DC004 integrated circuit was designed to operate directly from 
the LSI-1 1 bus. However, since the introduction of the DC005, the 
DC004 is usually interfaced to the LSI-1 1 bus through the DC005. Bus 
signals (BDAL lines) passing through the DC005 are inverted. There- 
fore, BDAL 0, 1, and 2 signals applied to the DC004 are inverted. 
Because of this inversion, it is necessary to change the nomenclature 
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on pins 12 through 17 on the DC004. The difference in nomenclature 
between DC004s operated directly from the LSI-1 1 bus and through a 
DC005 are as follows: 

From Bus (Non-Inverted From DCOOS (Inverted 

BDAL0,1,2) BDAL 0,1,2) 



Pin 


Signal 


Pin 


Signal 


12 


OUTLB L 


12 


OUTHB L 


13 


OUTHB L 


13 


OUTLB L 


14 


SELOL 


14 


SEL6L 


15 


SEL2L 


15 


SEL4L 


16 


SEL4L 


16 


SEL2L 


17 


SEL6L 


17 


SELOL 



It is recommended that when a DC005 is used, the DC004 be inter- 
faced to the LSI-1 1 bus through the DC005 to avoid unnecessary bus 
loading. 

The DC003 IC performs an interrupt transaction that uses the daisy- 
chain type arbitration scheme to assign priorities to peripheral de- 
vices. The DC003 has two channels (A and B) for generating two 
interrupt requests. Channel A has higher priority than channel B. If a 
user's device wants control of the LSI-1 1 bus, the interrupt enable flip- 
flop within the DC003 must be set. This is accomplished by asserting 
(logic 1) the ENX* DATA line to the DC003 (writing bit 14 or bit 6 to a 
one) and then clocking the enable flip-flop by asserting (logic 1) 
RQST. RQST must be held asserted until the interrupt is serviced. 
When the RQST is asserted and the interrupt enable flip-flop is set, the 
DC003 asserts (logic 0) BIRQ L, thus making a bus request. When the 
request is granted, the processor asserts (logic 0) BDIN L. This causes 
the DC003 to assert (logic 1) VECTOR H, which is applied to the 
DC005. VECTOR H at the DC005 causes the device vector to be placed 
on the BOAL lines to the processor. Interrupts are produced for bus 
time-outs (CSR bits 15 and 14) and at the completion of a block trans- 
fer (CSR bits 7 and 6). 

* X may be either A or B. 
DMA Application 

Figure 4 shows the DMA control (DC010), the word count/bus address 
registers (both DC006), the output buffers (both 74LS273S), and the 
input drivers (74LS367s). 
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The DC010 performs handshaking operations required to request and 
gain control of the LSI-1 1 bus for DMA data transfers. After becoming 
bus master, the DC010 produces the signals necessary to perform a 
DIN or DOUT bus cycle as specified by the control lines. An 8-MHz 
free-running clock is provided by E21. This clock is used by the DC010 
to generate all transfer timing sequences. The actual clock frequency 
is not critical and can be any frequency up to 8.3 MHz, provided It is 
symmetrical. An RC time constant provided by resistor R14 and capa- 
citor C2 provides a delay for the reassertion of BDMR to the LSI-1 1 
bus. This allows other direct memory access devices to obtain the bus 
during the time the CNT4 logic releases the bus and re-requests the 
bus. 



E10 
74LS74 



3T 



AR2 BDMGI L • 
AS2 BDMGO L - 



R10 
330 



TDIIM ■ 
MASTER H- 



TSYNC- 
RSYNC- 
RPLY H- 



BDMGI L 


REQ H 


BDMGO L 


DATIN H 


IIMIT L 


DATIO H 


BDMR L 


CNT4 H 


DOUT H 


DATIN L H 


DINH 


CLK H 


MASTER H 


TMOUT H 


TSYNC H 


ADREN H 


RSYNC H 


FIB 


RPLY H dcoio 



-J-|ei^o2-din h 



T 



Tv C2 
* IfiQQpf 



•DISCRETIONARY WIRING 
H = 4 XFERS MAX. 
L = BURST MODE 



.CI 

Figure 4 Typical Application (DC006, DC010, Output Delay, and 

Input Drives) 
(Sheet 1 of 2) 
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Figure 4 Typical Application (DC006, DC010, Output Delay, and 

Input Drives) 
(Sheet 2 of 2) 
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User devices initiate bus requests by driving the set input of the re- 
quest flip-flop (E10) low. This asserts REQ to the DC010 and generates 
BDMR L to the LSI-11 bus. When the DC010 becomes bus master, it 
asserts ADREN H to the DC006 bus address registers. ADREN H al- 
lows the bus address registers to place the address of the slave (mem- 
ory) onto the internal bus and, via the DC005 transceivers, onto the 
LSI-11 bus. The request flip-flop (E10) remains set until the DC006 
word count overfows to zero (WCNTO). WCNTO then resets the request 
flip-flop. 

Two DC006 word count/bus address register ICs are used to provide 
16 bits each of word count and bus address. The least significant bits 
of the word count and bus address register and register C is the word 
count register. Both registers can be read or written under program 
control from the LSI-1 1 bus. Registers are selected by: 
• Read bus address register SEL 0 L 

INWDL 



• Write high byte of bus address register 



SELOL 
OUTHB L 



Write low byte of bus address register 



SELOL 
OUTLB L 



Read word count register 



SEL2L 
INWDL 



Write high byte of word count register 



SEL2L 
OUTHB L 



Write low byte of word count register 



SEL 2 L 
OUTLB L 



The bus address register is incremented by two for word transfers. To 
accomplish the increment by two, the CNT1A input to the most signifi- 
cant DC006 (E23) must be nigh, and the CNT1A input to the most 
significant DC006 (E27) must be grounded. Clocking for DC006 E23 is 
provided by the transition of the ADREN H line from the DC010. When 
bus address register DC006 E23 overflows, MAX-A goes high, thus 
clocking the DC006 E27 bus address register. 
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The word count register is incremented by one each time a word is 
transferred. Initially, the word count register is loaded under program 
control, with the 2's complement of the number of words to be 
transferred. As words are transferred, the word count register is incre- 
mented toward zero. When DC006 E23 overflows, MAX-C goes high. 
MAX-C clocks the DC006 E27 word count register until DC006 E27 
overflows. When E27 overflows, WCNTO H is generated; WCNTO H 
then resets the request flip-flop (E10), thus terminating data transfers. 

During DMA data transactions input data from the DATI bus cycle is 
placed on the internal 3-state bus via the DC005 transceivers and is 
applied to he 74LS273 (E28 and E24) output buffers. These buffers are 
then clocked by CHANHB and CHANLB, thus placing the data on the 
16 OUT lines to the user's device. 

For output data transfers (DATO), the user's device places data on the 
16 IN lines to the 74LS367 3-state drivers. The drivers are enabled by 
DATEX L, which is asserted during a DATO cycle. The data passes 
through the drivers, is applied to the internal 3-state bus and, via the 
DC005 transceivers, to the LSI-1 1 bus. 

Miscellaneous Logic 

Miscellaneous logic is shown in Figure 5. This logic includes CSR, 
output buffer and input driver control, non-existent address time-out, 
DC005 transceiver receive/transmit control, the control/status register 
(CSR), additional transceivers (8641s), and the "B" request flip-flop. 

The CSR, output buffers, and input driver control receive INWD L, 
OUTHB L, OUTLB L, SEL 4 L, SEL 6 L, DATN H, and DIN H. These 
signals are gated to produce enable signals for the CSR, the output 
buffers, and the input drivers. CSR RD Is produced by INWD L and 
SEL 4 L to enable the CSR data (DATA 5 through DATA 14) (Figure 5, 
sheet 1) to pass through the 74LS367 3-state drivers and onto the LSI- 
11 bus via the DC005 transceivers. OUTHB L, OUTLB L, SEL 4 L, and 
MRPLY L produce either CSRWHB L or CSRWLB L for writing bit 6 of 
the CSR (74LS74 E10 on Figure 3, sheet 1), or for clocking the "B" 
request flip-flop. DATEX L enables the 74LS367 3-state input drivers 
(Figure 5, sheet 1) during an "input" cycle. The CHANHB and CHANLB 
signals clock the 74LS273 output buffers during an "output" cycle. 
When bytes are transferred, OUTHB L, MRPLY L and SEL 6 L enable 
the high byte (CHANHB L asserted), while OUTLB L, MRPLY and SEL 
6 L enable the low byte (CHANLB L). Both bytes are simultaneously 
transferred (word transfer) when DIN H is negated. 
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The non-existent address time-out provides a 10 ms time-out in the 
event that a non-existent address is requested on the LSI-1 1 bus dur- 
ing a DMA operation. This prevents hanging-up the LS-1 1 bus for 
periods longer than 10 us. When the DC010 becomes bus master, 
ADREN H is asserted and cocks the 10 one-shot (E8). Normally 
RPLY L from the LSI-1 1 bus goes low and the one-shot Is cleared. 
However, if RPLY L is high (no response from slave), the one-shot 
times out and cocks the 74LS74 flip-flop (E9). The flip-flop is set, 
generating (TOS + INIT) L; this signal is applied to the DC010 (Figure 
4, sheet 1) clearing the internal synchronization circuit and releasing 
the LSI-1 1 bus. The signal (TOS + INIT) H resets the request flip-flop 
(E10). The 74LS74 flip-flop (E9) can be set and reset with CSRW HB 
and DATA 15 (CSR bus time-out). This flip-flop is automatically reset 
during power-uD. _ 



CSR. OUTPUT BUFFERS. INPUT DRIVERS CONTROL ' CONTROL/STATUS REGISTER 

I (CSR) READ LOGIC 




Figure 5 Typical Application (Miscellaneous Logic) 
(Sheet 1 of 3) 
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DCOOS TRANSCEIVERS REC/XMIT CONTROL 




RECH 



NON-EXISTENT ADDRESS TIME-OUT 




(TOS+INITIH 



Figure 5 Typical Application (Miscellaneous Logic) 
(Sheet 2 of 3) 



151 



DCK11-AB, -AD 



8641 QUAD TRANSCEIVERS 



BSYNC L/AJ2 
14 BDOUT U/AE2 



1 1 j 1 ■* L. 



Figure 5 Typical Application (Miscellaneous Logic) 
(Sheet 3 of 3) 



152 



DCK11-AB,-AD 



The DC005 transceiver receive/transmit control determines the state 
of the DC005 tranceivers. Normally, the transceivers are in the receive 
state to accept device addresses from the LSI-1 1 bus. When REC H is 
asserted (high), XMIT is negated (low). XMIT is asserted (high) when 
transferring data to the LSI-1 1 bus (TDOUT, DATEN, and ADREN are 
high; TRPLY, INWD are low). REC is asserted (high) when receiving 
data from the LSI-1 1 bus (TDOUT, DATEN, and ADREN are low; 
TRPLY, INWD are high). 

The control/status register (CSR) (Figure 5, sheet 1) has six active bits 
and is a read/write register comprised of 74LS367 3-state drivers and 
flip-flops which are part of other logic circuits shown in Figure 3, sheet 
1 , and Figure 5, sheet 2. Figure 6 shows the CSR format. The CSR bits 
are described in Table 1 . 



15 14 13 



09 08 07 06 OS 04 



INTERRUPT 

ENABLE 
FOR BIT 15 



USER 
TRANSFER 
REQUEST 



BUS TIME OUT 
(NON-EXISTENT 
ADDRESS) 



INTERRUPT 
ENABLE 
FOR BIT 7 



BLOCK TRANSFER 
COMPLETE 
(WORD COUNT 
OVERFLOW) 



TRANSFER DIRECTION 
SELECT BIT 
DATO/DATI 
I/O 



Figure 6 Control /Status Register (CSR) Format 

The quad transceivers (8641) shown in Figure 3 sheet 3, supplement 
the DC005 transceivers for interfacing to the LSI-1 1 bus. In this partic- 
ular application, the 8641s are permanently enabled by grounding 
pins 7 and 9. 
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CSR Bit Descriptions 



Bit 

00 
01 
02 

03 
04 

05 



06 



07 



08 



09 
10 
11 
12 
13 

14 



15 



Name 

Unused 



DATO/DATI 



Interrupt enable 
for bit 7 



Block transfer 
complete 

User transfer 
request 



Unused 



Interrupt enable 
for bit 15 



Bus time-out 



Description 



When set to a 1 , indicates a 
DATO cycle; when set to a 0, 
indicates DATI bus cycle. 
This bit must be set (1 ) to en- 
able the word count overflow 
interrupt at the end of a block 
transfer. When set to 0, the in- 
terrupt is inhibited. 

This bit sets (1 ) when the word 
count register overflows, pro- 
viding bit 06 is set. 

The user's device must set (1) 
this bit to make a bus request 
and transfer data. User REQ L 
(J1-PP) must be driven low (0) 
to set bit 08. This bit is always 
read as a zero. This is an ex- 
ample for test purposes. 



This bit must be set (1 ) to 
enable the bus time-out inter- 
rupt. When set to a 0, the inter- 
rupt is inhibited. 
This bit sets (1 ) when a slave 
on the LSI-1 1 bus does not re- 
spond with BRPLY within 10 us 
after being addressed. Bit 14 
must be set (1 ) to enable the 
bus time-out interrupt. 
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MAX A CLK C 

v///////// i-w* w/y/)//)///////;/ /////, 



LOAD D'F<7 0> 
A COUNTER MAX 



LOAD D F<7 0> 
HCLK C COUNTER MAXH 
CLEAR C<7 0> 




Figure 7 DC006 Simplified Block Diagram 



DC006 WORD COUNT/BUS ADDRESS LOGIC (DEC #19-14035) 

The word count/bus address (WC/BA) chip is a 20-pin, 0.762 cm 
center x 2.74 cm long (0.3 in. center x 1.08 in. long) DIP, low-power 
Schottky device. Its primary use is in DMA peripheral device inter- 
faces. This IC is designed to connect to the 3-state side of theDC005 
transceiver. The DC006 has two 8-bit binary up-counters, one for the 
word (byte) count and another for bus address. Two DC006 ICs may e 
cascaded to increase register implementation. 

The chip is controlled by the address latch protocol chip (DC004), the 
DMA chip (DC010), and a minimum of ancillary logic. Both counters 
may be cleared simultaneously. Each counter is separately loaded by 
LD and the corresponding select line from the protocol chip. Each 
counter is incremented separately. The WC counter (word byte 
counter) is always incremented by one; the A counter (bus address) 
may be incremented by one or two for byte or word addressing, re- 
spectively. 

Data from the DC006 IC is placed on the 3-state bus via internal 3- 
state drivers. Each counter is separately read by RD and the corres- 
ponding select line. 
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Figure 7 is a block diagram of the DC006 IC while Figure 8 illustrates a 
simplified logic diagram. The DC006 pin/signal description Is present- 
ed in Table 2. 



TRUTH TABLES 
WHERE: L 



- TTL LOW 
= TTL HIGH 

READ CONTROL 



> DONT CARE 

> HIGH IMPEDANCE 

■ HIGH TO LOW TRANSITION 



CLEAR A&C AND READ C 
A<7:0> 
C<7:0> 



CLEAR A&C AND READ A 

A<7:0> 

A<7:0> 

A<7:0> 
CLEAR A&C AND READ A 

A<7:0> 

A<7:0> 
A<7:0> 



MAX- AC 1 



CLK-A 
RD-A 



C3 



cntiaOb 

1 D/FC 7 

2 D/FC 8 
4 0/FC9 

gndC 10 



ibDld 



17 J 



1B3 



12 D 



MAX-C 
CLK-C 
12BD/F 
□ 84 D/F 
32 D/F 
16 D/F 
38 D/F 



WRITE CONTROL 



RD - A ° L, RIWT 



FUNCTION 



'ILLEGAL 
LOAD A<7 0> 
LOAD C<7 0> 
WC/BA NOT SELECTED 
CLEAR BOTH COUNTERS 
LOADING OISABLED 
LOADING DISABLED 



'ILLEGAL CONDITION BECAUSE A LOAD OPERATION AND A CLEAR 
OPERATION IS ATTEMPTED SIMULTANEOUSLY. RESULT OF THIS 
OPERATION IS TO CLEAR BOTH COUNTERS. 



£5; 




0 flO 71 

Figure 6 DC006 Simplified Logic Diagram 
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DC010 DIRECT MEMORY ACCESS LOGIC (DEC #19-14038) 

The Direct Memory Access (DMA) chip is a 20-pin, 0.762 cm center X 
2.74 cm long (0.3 in. center x 1.08 in. long) DIP, low-power Schottky 
device for primary use in DMA peripheral device interfaces using the 

LSI-11DUS. 

This device provides the logic to perform the handshaking operations 
required to request and to gain control of the system bus. Once bus 
mastership has been established, the DC010 generates the required 
signals to perform a DATI, DATO, or DATIO transfer as specified by 
control lines to the chip. The DC010 IC has a control line that will allow 
multiple transfers or only four transfers to take place before giving up 
bus mastership. 

Figure 9 is a simplified logic diagram of the DC010 IC. The logic sym- 
bols and truth table are presented in Figure 10. Table 3 describes the 
signals and pins of the DC010 by pin and signal name. 



—(MASTER ENAt 




Figure 9 DC010 Simplified Logic Diagram 
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reqhC 
oatiolC 

DAT IN LC 
ADREN HQ 
DOUT H[ 

dinhC 
tsynchC 

BOMGO LC 
MASTER hC 
GNOC 



1 DCOIO 20 



]VCC 
19 ] INITl 
18 3DATEN L 
17 ]CLK H 
16 ]CNT4 H 
15 ] RPLY H 
14 3 TMOUT H 
13 DBDMGi L 
12 ]RSYNC M 
11 ]BOMR L 



LOGIC SYMBOL 



TRUTH TABLE 
WHERE L = TTL LOW 
H = TTL HIGH 
X = DON'T CARE 



INPUTS 


TRANSFER 
TYPE 


DATIN 


OATIO 


X 


L 


DATIO 


L 


H 


DAT I 


H 


H 


DATO 



Figure 1 0 DC01 0 Logic Symbol/Truth Table 
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DDV11-B Backplane 
GENERAL 

The DDV11-B is an optional LSI-11 bus expansion backplane for use 
when additional logic space is required. The DDV11-B is a 9 X 6, 54- 
slot backplane with a 9 x 4 slot section (18 individual double-height or 
9 quad-height module slots) prebused specifically for LSI-11 bus sig- 
nal, power, and ground connections. The remaining 9X2 slot section 
is provided with +5 Vdc, GND, and -12 Vdc power connections only; 
this leaves the remaining pins free for use with any special double- 
height logic modules to be used in conjunction with the LSI-11 family 
of modules and bus requirements. 

DESCRIPTION 

The DDV11-B consists of an H034 system unit mounting frame, six 
H863, and three H8030 connector blocks, and the etched board bus 
structure necessary for signal routing. The etched board completely 
overlays the entire pin side of all connector blocks and is recessed 
sufficiently to allow wire-wrapping on those same pins with 30 AWG 
wire. 

An optional card cage, type H0341, is also available to provideprotec- 
tion against physical damage to modules and to serve as a card guide. 
The card cage completely surrounds the slot side of the system unit 
and is shown in Figure 1. The DDV1 1-B can be mounted in the H909-C 
enclosure. 

NOTE 

The H909-C includes the H0341 card guide. 




7920 - 2BW - A0168 



Figure 1 DDV1 1 -B with H0341 Card Assembly 



159 



DDV11-B 



CONFIGURATION 
Module Slot Assignments 

Figure 2 shows the slot location assignments of the DDV1 1-B. Rows A, 
B, C, and D are dedicated to the LSI-11 bus. Any module which con- 
forms to the LSI-1 1 bus specifications may be used in this portion of 
the DDV11-B. The position numbers indicate the bus grant wiring 
scheme with respect to the processor module. The bus grant signals 
propagate through the slot locations in the position order shown in 
Figure 2 until they reach the requesting device. Any unused slots must 
be jumpered to provide bus grant signal continuity or it is recom- 
mended that unused locations occur only in the highest position 
numbered locations. 

Rows E and F contain the 18 user-defined slots with power and ground 
connections provided. 

Equipment Supplied 

The DDV1 1-B option consists of the following items: 

Six H863 connector blocks 
Three H8030 connector blocks 
Etched board bus structure 

Installation 

The DDV11-B can be mounted on panels or chassis using standard 
hardware. The overall dimensions of the unit are shown in Figure 3. 
The H034 mounting frame of the DDV11-B is provided with tapped 
holes and clearance holes to enable the attachment of the system unit. 

H0341 Card Assembly Mounting 

The card assembly provides nylon guides which help to guide and 
support the modules installed in the system unit. The H0341 card 
assembly is supplied with the hardware necessary to mount to the 
H034 mounting frame. Figure 4 shows the method of assembly. Two 
screws (item 2) and two washers (item 1) are inserted through the 
clearance holes of the PC board and H034 mounting frame and into 
the two threaded inserts on each bracket of the card assembly. 



160 



DDV11-B 



PROCESSOR OR OPTION 1 



OPTION POSITION 2 



POSITION 15 



POSITION 14 



MODULE INSERTION SIDE 



USER DEFINED SLOTS 



MODULE (COMPONENTS MOUNTED ON OPPOSITE SIDEI 



PC BOARD ! 



h n TL 



\ 



u mil a mi b hi mil c ilium d in e iii mil F «iu u 



\ 



WIRE WRAP PINS 



TERMINAL STRIP 
POWER SIGNAL PINS 




7020 - BSM - A0167 



Figure 2 DDV1 1-B Module Installation and Slot Assignments 
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1.75 IN 
(4.5 CM) 

i 



POWER SIGNAL PINS 
BHALT L 





Figure 3 DDV1 1 -B Power Wiring and Dimensions 
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DD11V B SYSTEM UNIT 



Figure 4 H0341 Card Assembly Installation 



DC Power and Power Signal Connections 

DC power is supplied to the modules in the DDV11-B through the 
backplane PC board. The power and ground leads from the external 
source connect to the 7-position terminal board mounted on the edge 
of the PC board as shown in Figure 3. Any suitable connector termi- 
nals, solder or crimp style, may be attached to the power supply leads 
and inserted under the terminal strip screws. A jumper tab is mounted 
between the two +5 V screws and between the two ground (GND) 
screws on the terminal board. The total current capability of the 
DDV1 1 -B and the wire size required are as follows: 

Current Wire Size 

Terminal (Max) (AWG) 

+12V 20A 14 

+5V Jumped 40 A 14 

+5V 

+5 B 20 A 

GND Jumped 40 A 14 

GND 

-12V 20A 

Figure 5 identifies the power signal pins which are located at the oppo- 
site end of the backplane PC board from the power terminal strip. A 
mating female connector (DIGITAL P/N 12-1 1206-02 or 3M P/N 3473- 
3) can be inserted over the pins and used to connect the external 
signals to the backplane. 
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Backplane Pin Assignments 

Table 1 lists the backplane pin assignments for the LSI-1 1 bus signals and dc power and ground connections 
on the DDV1 1 -B backplane. . 

Table 1 DDV1 1 -B Backplane Pin Assignments 



CIHa 

diae 


9 
£ 


i 




1 


o 
i 


l 


Z 


4 

1 




Row 


An Is 




DaU 


Dsn 
DaU 






r 


r 




A 


+5V 


BSPARE1 


+5V 


BDCOK H 


+5V 


BLANK 


+5V 


BLANK 




B 


-12V 


BSPARE2 


-12V 


BPOKH 


-12V 


BLANK 


-12V 


BLANK 




C 


GND 


BDAL 17 L 


GND 


SSPARE4 


GND 


BLANK 


GND 


BLANK 




D 


+ 12V 


BDAL 16 L 


+ 12V 


SSPARE 5 


BLANK 


BLANK 


BLANK 


BLANK 


O 
rn 


E 


BDOUT L 


SSPARE1 


BDAL2 L 


SSPARE 6 


BLANK 


BLANK 


BLANK 


BLANK 


< 


F 


BRLPY L 


SSPARE2 


BDAL3 L 


SSPARE 7 


BLANK 


BLANK 


BLANK 


BLANK 




H 


BDINL 


SSPARE3 


BDAL4 L 


SSPARE 8 


BLANK 


BLANK 


BLANK 


BLANK 


■ 

m 


J 


BSYNC L 


GND 


BDAL5 L 


GND 


BLANK 


BLANK 


BLANK 


BLANK 




K 


BWTBT L 


MSPAREA 


BDAL6 L 


MSPARE B 


BLANK 


BLANK 


BLANK 


BLANK 




L 


BIRQL 


MSPAREA 


BDAL7 L 


MSPARE B 


BLANK 


BLANK 


BLANK 


BLANK 




M 


BIAK I L 


GND 


BDAL8 L 


GND 


BLANK 


BLANK 


BLANK 


BLANK 




N 


BIAKOL 


BDMRL 


BDAL9 L 


BSACK L 


BLANK 


BLANK 


BLANK 


BLANK 




P 


BBS 7 L 


BHALT L 


BDAL10L 


BSPARE 6 


BLANK 


BLANK 


BLANK 


BLANK 




R 


BDMG 1 L 


BREFL 


BDAL11 L 


BEVNT L 


BLANK 


BLANK 


BLANK 


BLANK 




S 


BDMG 0 L 


PSPARE3 


BDAL12L 


PSPARE 4 


BLANK 


BLANK 


BLANK 


BLANK 




T 


BINITL 


GND 


BDAL13 L 


GND 


BLANK 


GND 


BLANK 


GND 




U 


BDAL 0 L 


+ 12B 


BDAL14 L 


PSPARE 2 


BLANK 


BLANK 


BLANK 


BLANK 




V 


BDAL 1 L 


+5B 


BDAL15L 


+5 


BLANK 


BLANK 


BLANK 


BLANK 
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DLV11 SERIAL LINE UNIT 



SPECIFICATIONS 

Identification 

Size 
Power 



Bus loads 
AC 
DC 



M7940 
Double 

+5.0 Vdc ± 5% at 1.0 A (1.6 A 
max) 

+ 1 2.0 Vdc ± 3% at 0. 1 8 A (0.25 A 
max) 

2.5 
1.0 



CONFIGURATION 
General 

The user can select the register address, parity, number of data bits, 
number of stop bits, baud rate, and type of serial interface. The de- 
scriptions of the registers and their standard factory addresses are 
listed in Table 1. Available jumpers are shown in Figure 1 and their 
applications are listed in Table 2. 



Table 1 Standard Addresses 



Register 



Mnemonic Console 



Second 
Module 



Receiver control status 
Receiver data buffer 
Transmit control/status 
Transmit data buffer 
Standard vectors 



RCSR 
RBUF 
XCSR 
XBUF 
RCSR 
XCSR 



177560 
177562 
177564 
177566 
060 
064 



176500 
176502 
176504 
176506 
300 
304 



165 



DLV11 




TP1 O 




TP2 6 I 
<t 

INSERT .005>iF CAPACITOR WHEN 2 
THE SERIAL LINE DEVICE IS A 
TELETYPEWRITER (LT33 OR LT35) 




Figure 1 



DLV1 1 Jumper Locations 
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Table 2 DLV1 1 SLU Factory Jumper Configuration 
Jumper Jumper 

Designation State* Function Implemented 



A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 

A12 



V3 
V4 
V5 
V6 
V7 

NP 
2SB 
NB2 
NB1 

PEV 
FEH 
EIA 

FRO 
FR1 
FR2 
FR3 

CL1 

CL2 
CL3 
CL4 



I 

R 
R 
R 
I 

R 
R 
R 
R 
R 



R 
R 
R 
R 



R 
R 
R 
R 



This arrangement of jumpers A3 through 
A1 2 implements the octal device ad- 
dress 17756X, which is the assigned ad- 
dress for the console device SLU. The 
least significant digit is hardwired on the 
module to address the four SLU device 
registers as follows: 

X = 0, RCSR address 

X = 2, Receive data register address 

X = 4, XCSR address 

X = 6, Transmit data register address 

This jumper arrangement implements 
the interrupt vector: 60 for received data 
and 64 for transmitted data. 



No parity 
Two stop bits 
Eight data bits 

Even parity if NP installed 

Halt on framing error 

12 V EIA operation enabled 

110 baud rate selected 



20 mA current loop active receiver and 
transmitter selected 

Jumpered with 180 ohm resistors 



* R = removed, I = installed 
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Addresses 

Addresses for the DLV11 can range from 160000 8 through 17777X 8 . 
The least significant three bits (only bits 1 and 2 are used; bit 0 is 
ignored) address the desired register in the DLV11, as described in 
Table 1. 

Address bits 3 through 12 are jumper-selected as shown in Figure 2. 

Since each DLV11 module has four registers, each requires four ad- 
dresses. Addresses 177560-177566 are reserved for the DLV11 used 
with the console peripheral device. Additional DLV1 1 modules should 
be assigned addresses from 176500 through 176670, allowing up to 30 
additional DLV1 1 modules to be addressed. 



ADDRESS JUMPERS'. 
INSTALLED "O 
REMOVED "I 



I O. CSR 

1 • DATA BUFFER 
-0- RECEIVER 

1. TRANSMITTER 



(PART OF 
> FUNCTION 
( DECODING) 



RANGE" 160000b -177776b 



Figure 2 CSR Address Selection 



Word Format 

The word format for the Receiver Control/Status Register (RCSR) is 
detailed in Figure 3 and is described in Table 3. 



J L 



DATASE T 
STATUS 
(READONLY) 



RECEIVER 
DONE 
(READONLY) 



READER 
ENABLE 
(WRITE ONLY) 



RECEIVER 
INTERRUPT 
ENABLE 
(READ/WRITE) 



Figure 3 Receiver Control/Status Register (RCSR) 
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Table 3 RCSR Word Format 



Bit Function 

1 5 Oataset Status — Set when CARRIER or CLEAR TO 

SEND and DATA SET READY signals are asserted 
by an EIA device. Read-only bit. 

1 4-8 Not used. Read as 0. 

7 Receiver Done — Set when an entire character has 

been received and is ready for input to the proces- 
sor. This bit is automatically cleared when RBUF is 
addressed or when the BDCOK H signal goes false 
(low). A receiver interrupt is enabled by the DLV1 1 
when this bit is set and receiver interrupt is enabled 
(bit 6 is also set). Read-only bit. 

6 Interrupt Enable — Set under program control to 

generate a receiver interrupt request when a charac- 
ter is ready for input to the processor (bit 7 is set). 
Cleared under program control or by the BINIT sig- 
nal. Read/write bit. 

5-1 Not used. Read as 0. 

0 Reader Enable — Set by program control to advance 

the paper tape reader on a teletypewriter device to 
input a new character. Automatically cleared by the 
new character's start bit. Write-only bit. 

The receiver data buffer register (RBUF) word format is shown in 
Figure 4 and described in Table 4. 



(NOT USED) DATA AND PARITY 

(5-7 BIT DATA IS RIGHT JUSTIFIED. PARITY IS BIT 7. 
NO PARITY BIT IS PRESENT WHEN 8-BIT DATA IS USED.) 



Figure 4 Receiver Data Buffer Register (RBUF) 
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Table 4 RBUF Word Format 



Bit 



Function 



15-8 
7-0 



Not used. Read as 0. 

Contains five to eight data bits in a right-justified 
format. MSB is the optional parity bit. Read-only bits. 



The transmit control/status register (XCSR) word format is shown in 
Figure 5 and described in Table 5. 



TRANSMIT 
READY 
( READ ONLY I 



TRANSMIT 
INTERRUPT 
ENABLE 
(READ/WRITE) 



Figure 5 Transmitter Control/Status Register (XCSR) 



Table 5 XCSR Word Format 



Bit 



Function 



15-8 
7 



Not used. Read as 0. 

Transmit Ready — Set when XBUF is empty and can 
accept another character for transmission. It is also 
set during the power-up sequence by the BDCOK H 
signal. Automatically cleared when XBUF is loaded. 
When transmitter interrupt is enabled (bit 6 also set), 
an interrupt request is asserted by the DLV1 1 when 
this bit is set. Read-only bit. 

Interrupt Enable — Set under program control to 
generate a transmitter interrupt request when the 
DLV1 1 is ready to accept a character for 
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Table 5 XCSR Word Format (Cont) 



Bit Function 

transmission. Reset under program control or by the 
BINIT signal. Read/write bit. 

5-1 Not used . Read as 0. 

0 Break — Set or reset under program control. When 

set, a continuous space level is transmitted. BINIT 
resets this bit. Read/write bit. 

The transmit data buffer register (XBUF) word format is shown in 
Figure 6 and described in Table 6. 



Figure 6 Transmitter Data Buffer Register (XBUF) 



Table 6 XBUF Word Format 



Bit Function 



15-8 Not used. 

7-0 Contains five to eight right-justified data bits. Load- 

ed under program control for serial transmission to a 
device. Write-only bits. 



Interrupt Vectors 

Vectors can range from 0 through 37X„. Vectors 60 and 64 are re- 
served for the console peripheral device. Additional DLV11 modules 
should be assigned vectors following any DRV11 modules installed in 
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the system starting at 300. Vector bits 3 through 7 are selectable by the 
user to form the address as described in Figure 7. The factory configu- 
ration will set the receiver interrupt vector for 060 and the transmitter 
interrupt vector will be set at 064. 



I L 



VECTOR JUMPERS: 
INSTALLED-0 

REMOVED -1 RANGE -0-374, 



Figure 7 Interrupt Vector 



UART Operation 

The UART operation is programmed by using jumpers NP, 2SB, NB1, 
NB2, and PEV as shown below. 

Number of Data Bits 

NB1 NB2 

5 Installed Installed 

6 Removed Installed 

7 Installed Removed 

8 Removed Removed 

Number of Stop Bits Transmitted 

2SB installed = One stop bit 
2SB removed = Two stop bits 

Parity Transmitted 

NP removed = No parity bit 

NP and PEV installed = Odd parity 

NP installed and PEV removed = Even parity 

Baud Rate Selection 

Baud rate is programmed via jumpers FRO through FR3 as shown in 
Table 7. 
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Table 7 Baud Rate Selection 



Baud Rate 


FR3 


FR2 


FR1 


FRO 


50 


1 


1 


R 


I 


75 


1 


1 


R 


R 


110 


R 


R 


R 


R 


134.5 


1 


R 


I 


I 


150 


R 


R 


R 


I 


200 


1 


R 


I 


R 


300 


R 


R 


I 


R 


600 


1 


R 


R 


I 


1200 


R 


1 


R 


R 


1800 


R 


1 


R 


I 


2400 


1 


R 


R 


R 


2400 


R 


R 


I 


I 


4800 


R 


1 


I 


R 


9600 


R 


1 


I 


I 


External 
(via pinBHI) 


1 


1 


I 


X 


NOTE: 

1 = Installed 


X = 


Irrelevant 


R = 


Removed 
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EIA Interface 

EIA drivers are enabled when jumper EIA is installed. This jumper 
applies -12V to the EIA driver chip. It should be removed during 20 
mA current loop operation. 

20 mA Current Loop Interface 

Jumpers CL1 through CL4 are associated with 20 mA current loop 
interface operation. Remove or install CL1 and CL4 jumpers and CL2 
and CL3 180 ohm resistors for the desired function as described be- 
low. 

The active current loop jumper configuration is shown in Figures 8 and 
9. 

Transmit: CL4.jumper installed 

CL3 resistor installed 

Receive: CL1 jumper installed 

CL2 resistor installed 



USE BC05M CABLE 



- (M IO «• 
_l — I 



Figure 8 20 mA Active Current Loop Jumper Configuration 
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DLV11 SERIAL LINE UNIT CIRCUITS 



BCOSM CABLE ASSEMBLY 



SERIAL 20mA DEVICE 



20mA DATA IN 



CL2 



/ RESIS1 



RESISTOR L 
ACTIVE RECEIVE 
CURRENT LOOP 
MODE ENABLE 



20mA /TTL RCVD DATA 
, . TTL SERIAL DATA IN I 



-(£ <r 



20mA DATA OUT 



/ RESISTOR 
ACTIVE TRANSMIT 
CURRENT LOOP- 
MODE ENABLE 



f 12V VW- 

- 12 V VW- 



-<AA<- 
-<EE<- 



-<9 



READER 

RUN 
LOGIC 



READER RUN 



CL1 



ACTIVE RECEIVE 
CURRENT LOOP 
MODE ENABLE 



-<PP<- 



-<uu<- 



■<6 



Figure 9 Active 20 mA Current Loop Interface 



The passive current loop jumper configuration is shown in Figures 10 
and 11. 

Transmit: CL4 jumper removed 

CL3 resistor removed 

Receive: CL1 jumper removed 

CL2 resistor removed 
The DLV11 is supplied with jumpers CL1 through CL4 wired for the 
active transmit, active receive mode (Figure 9). When in this mode, 
serial current limiting to 23 mA is provided by resistors (one each for 
transmit and receive functions) connected to the +12V source. Note 
that when module power is removed, the 20 mA transmit optical 
coupler closes the serial loop (active or passive mode). When the 
DLV1 1 is used in the passive 20 mA mode (Figure 11), the serial device 
must produce the 20 mA current. Current limiting must be provided 
for transmit and receive currents in the serial device. 
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DLV11 SERIAL LINE UNIT CIRCUITS 

(PASSIVE RECEIVE AND TRANSMIT) BC05M CABLE ASSY 



SERIAL 20mA DEVICE 




READER ENABLE + 



Figure 1 0 Passive 20 mA Current Loop Interface 



USE BC05M CABLE 



>3£ 



rv 



- N IO » 
I — I ■ I 

(-> o o o 

O (^J> 



O 



11-3851 

Figure 11 20 mA Passive Current Loop Jumper Configuration 



Framing Error Halt 

A framing error halt allows entry to console microcode directly from 
the console device by pressing the BREAK key, producing a framing 
error. A framing error occurs when the received character has no valid 
stop bit. This error condition is detected by the UART. FEH is factory- 
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installed, causing the assertion of BHALT L when the framing error is 
detected. The processor then executes console microcode. 

Installation 

Prior to installing the DLV1 1 on the backplane, first establish the de- 
sired priority level to determine the backplane slot in which the mod- 
ule will be installed. Then, check that jumpers are removed or installed 
as described for your application. Connection to the peripheral device 
is via an optional data interface cable. Cables are listed below. 

Application Cable Type* 

El A Interface BC01 V-X or BC05C-X Modem Cable 

20 mA Current Loop BC05M-X Cable Assembly 



* The -X in the cable number denotes length in feet, as follows: -1 , -6, -10, -20, 
-25. For example, a 10-ft El A interface cable would be ordered as BC05C-10. 

Interfacing with 20 mA Current Loop Devices 

When interfacing with 20 mA current loop devices, the BC05M cable 
assembly provides the correct connections to the 40-pin connector on 
the DLV1 1 . The peripheral device end of the cable is terminated with a 
Mate-'N'-Lok connector. 

The complete interface circuit provided by the BC05M cable and the 
associated DLV1 1 jumpers is shown in Figure 10. 

NOTE 

When the DLV1 1 is used with teletypewriter devices, 
a 0.005 fiF capacitor must be Installed between split 
lugs TP1 and TP2. 

After configuring the module jumpers and installing the proper inter- 
face cable, the DLV1 1 can be installed in the backplane. 

Interfacing with EIA-Compatible Devices 

When interfacing with EIA devices, the BC01V or BC05C modem cable 
provides the correct connection to the 40-pin connector on the DLV1 1 . 
The peripheral device end of the cable is terminated with a Cinch 
DB25P connector that is pin-compatible with Bell 103 or 1 13 modems. 
Connector pinning and signal levels conform to EIA specification RS- 
232C. The complete EIA interface circuit is shown in Figure 12; jump- 
ers are shown in Figure 13. 
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OPTIONAL HARDWARE 



Cables 

BC05M 
BC05C 



20 mA; H856 to Mate-'N'-Lok female 
EIA; H856 to Cinch 25-pin male. 



DLV1I SERIAL LINE UNIT CIRCUITS 



MODEM CABLE 



EIA/TTL RCVO DATA 



TTL SERIAL DATA IN 



EIA TRANS DATA 



TO CSR 
SELECTION 
AND GATING 



Ml 



-<v < 
<oo<r 



J1 REQUEST TO SEND 



< M< 1 1 



<f<r 



-<vv<e 
-< b <: 



DATA TERMINAL READY 



RECEIVED DATA 



TRANSMITTED DATA 



CLEAR TO SEND 



DATA SET READY 



PROTECTIVE GROUND 



PROTECTIVE GROUND 



SIGNAL GROUND 



SIGNAL GROUND 



Figure 12 EIA Interface 



EIA INTERFACE 



(CINCH DB25P) 

-<20<-j— 
-<3 




USE BCOIV OR BC05C CABLE 



— CM IO * 
I I I I 

o u o <_> 

ill 



Figure 1 3 EIA Jumper Configuration 
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Connectors 

H856 

Cinch DB25S 



To module 
To BC05C 



Mate-'N'-Lok (male) 12-09340-01 connector 

Mate-'N'-Lok (male) 1 2-09378-01 contacts 

Mate-'N'-Lok (female) 1 2-09340-00 connector 

Mate-'N'-Lok (female) 12-09379-01 contacts 

Miscellaneous 

BC05F 20 mA extension cable 



H312A 



BC03P 



(Mate-'N'-Lok to Mate-'N'-Lok) 
Null modem Cable 
(female Cinch to female Cinch) 
Null modem 
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DLV11-E ASYNCHRONOUS LINE INTERFACE 



GENERAL 

The DLV1 1-E is an asynchronous line interface module that interfaces 
the LSI-1 1 bus to any of several types of serial communications lines. 
The module receives serial data from peripheral devices, assembles it 
into parallel data, and transfers it to the LSI-1 1 bus. It accepts data 
from the LSI-1 1 bus, converts it into serial data, and transmits it to the 
peripheral devices. The DLV11-E offers full modem control and EIA- 
type interface. 



FEATURES 

• Jumper- or program-selectable, crystal-controlled baud rates: 50, 
75, 110, 134.5, 150, 300. 600, 1200, 1800, 2000, 2400, 3600, 4800, 
7200, 9600, and 19,200. Split transmit and receive baud rates are 
possible. 

• Provisions for user-supplied external clock inputs for baud rate con- 
trol. 

• Jumper-selectable data bit formats. 

• LSI-1 1 bus interface and control logic for interrupt processing and 
vectored addressing of interrupt service routines. 

• Full modem control (Bell 103, 113, 202C, 202D, and 212-compati- 
ble). 



SPECIFICATIONS 

Identification M8017 

Size Double 

Power +5.0 Vdc ±5% at 1 .OA 

+ 12.0 Vdc ±3% at 0.18 A 

Bus loads 

AC 1.6 

DC 1.0 
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DESCRIPTION 
General 

Major functions contained on the DLV11-E are shown in Figure 1. 
Communications between the processor and the DLV1 1-E are execut- 
ed via programmed I/O operations or interrupt-driven routines. 



Bus Interface 

The bus interface circuit signal lines consist of data moving between 
the LSI-1 1 bus and the module's internal tri-state bus. It decodes the 
device address and produces an address match (MATCH H) signal 
and it places interrupt vectors on the LSI-1 1 bus. The bus interface 
receives from the LSI-1 1 bus unless it is switched to transmit to the 
LSI-1 1 bus. The interrupt logic can cause the bus interface to transmit 
either a transmitter or receiver interrupt vector and the I/O control 
logic can cause the bus interface to transmit to or receive data from 
the LSI-1 1 bus. 



The bus interface receives LSI-1 1 bus lines BDALOO L through 
BDAL15 L and places them on the module's tri-state bus. If BBS7 L is 
asserted, the circuit decodes BOAL03 L through BDAL12 L and as- 
serts MATCH H. Jumpers A3-A12 are configured to allow the option to 
respond to specific device register addresses. Jumpers V3-V8 select 
the options' interrupt vector. 



I/O Control Logic 

When the I/O control logic receives MATCH H from the bus interface, 
it decodes tri-state bus lines DATOO H through DAT02 H and selects 
the addressed device register. The I/O control logic exchanges bus 
control signals with the processor to perform input and output data 
transfers. 
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Figure 1 DLV1 1-E Asynchronous Line Interface Logic Block Diagram 
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During an interrupt transaction, VECTOR H from the interrupt logic 
causes the circuit to assert BRPLY L in response to BDIN L. During 
data transactions, the I/O control logic asserts INWD L to switch the 
bus interface transceivers from receiving to transmitting. 

Control/Status Registers 

The receiver control/status register (RCSR) and the transmitter con- 
trol/status register (XCSR) are enabled by selection signals from the 
I/O control logic. The CSRs are byte addressable for reading status 
bits or writing control bits. 

Data Buffers 

The receiver buffer (RBUF) and transmitter buffer (XBUF) provide 
double-buffering, in that one byte of data can be held while another 
byte is entering or exiting. This allows asynchronous, full-duplex oper- 
ation. Data is handled in the low byte of the registers. The buffer 
control circuitry places receiver buffer error flag bits in the high byte of 
the RBUF. It also sends a status bit to the RCSR and a framing error bit 
(FE H) to the break logic. 

Receiver Active Circuit 

This circuit monitors the received serial data line and sets a status bit 
(RCVR ACT) as soon as the RBUF begins receiving data. It clears .the 
bit when a character of data has been received. 



Interrupt Logic 

The DLV1 1-E can generate transmitter interrupts. If the XBUF is ready 
to serialize another character of data and the transmitter interrupt 
enable bit is set in the XCSR, the interrupt logic requests to interrupt 
the processor (by asserting BIRQ L.) If the processor acknowledges 
via the BIAKI/BIAKO daisy-chain, the interrupt logic asserts VECTOR 
H and VECRQSTB H. These signals cause the bus interface to place 
the transmitter function interrupt vector address on the LSI-1 1 bus. 

The module also can request a receiver interrupt if the RBUF has 
received a character and the receiver interrupt bit is set in the RESR. 
When the interrupt request is acknowledged, the interrupt logic as- 
serts VECTOR H. VECTOR H causes the bus interface circuit to place 
the receiver function interrupt vector on the LSI-1 1 bus. (VECRQSTB 
H is used only for a transmitter interrupt.) 
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The DLV1 1-E also generates a receiver interrupt as a result of data set 
status. If the data set interrupt enable bit is set in the RCSR, a receiver 
interrupt will result from a change of state on any of the modem con- 
trol lines (ring, clear to send, carrier, or secondary received data). 

The interrupt acknowledge daisy-chain (BIAKI/BIAKO) passes 
through both the receiver and transmitter sections of the interrupt 
logic. It goes through the receiver section first, thereby giving the 
receiver channel priority over the transmitter channel. 



Baud Rate Control 

The baud rate control establishes the speed at which the data buffers 
handle serial data. It produces clock signals by dividing a crystal oscil- 
lator frequency by an amount selected by jumpers or the program. 
The circuit can be jumpered to generate either independent transmit- 
ter and receiver clocks (split speed operation) or a common clock 
(common speed operation). 

When the programmable baud rate enable bit is set in the XCSR, the 
baud rate control decodes tri-state bus lines DAT 12 H through DAT15 
H. These bits control the receive baud rate in split speed operation 
and both transmit and receive baud rate in common speed operation. 
When programmable baud rate is not enabled, the baud rates are 
controlled by jumpers. In split speed operation, jumpers R0-R3 con- 
trol the receive baud rate and jumpers T0-T3 control the transmit baud 
rate. In common speed operation, R0-R3 control both baud rates. 

The circuit also has provisions for a user-supplied external clock. 



Break Logic 

A break signal is a continuous spacing condition on the serial data 
line. If the break bit is set in the XCSR, the module will transmit a break 
signal to the peripheral device (normally another processor). If the 
module receives a break signal from the peripheral device (normally a 
console device), the RBUF control circuitry interprets the absence of 
stop bits as a framing error. The circuit can be jumpered to ignore the 
framing error, to place the processor in the halt mode, or to cause the 
processor to reboot. The break logic asserts BHALT L to halt the 
processor. It negates BDCOK H to reboot. 
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Maintenance Mode Logic 

The modules can check out their data paths up to (but not including) 
the peripheral interface circuit by looping the XBUF's serial output 
back to the RBUF'S serial input. Data from the LSI-1 1 bus still goes to 
the peripheral device, but no data is received from the peripheral in 
this maintenance mode. The program can compare received (looped) 
data with transmitted data to check for errors. The maintenance mode 
is entered by setting the maintenance bit in the XCSR. 

Signal Peripheral Interface 

This circuit converts the module's TTL levels to EIA standard levels for 
modem control. It receives ring, carrier, clear to send, and secondary 
received data from the data set. It transmits data terminal ready, re- 
quest to send, force busy, and secondary transmitted data to the data 
set. (Request to send and force busy are jumper-selectable.) If data 
set interrupts are enabled, a change in state on any of the received 
control lines initiates a receiver interrupt. Data is received on the 
received data line and transmitted on the transmitted data line. Hand- 
shake sequences are under program control. 

DC-to-DC Power Inverter 

Th& power inverter uses the +12V from the backplane to produce - 
12V for the peripheral interface and data buffer circuitry. It consists of 
an oscillator, rectifier, inductive charge pump, and a zener regulator. 

CONFIGURATION 
General 

The following paragraphs describe how the user can configure the 
module to function within his system. The user can select the register 
addresses, interrupt vectors, data format, baud rate, and interface 
mode. The descriptions of the registers and their standard factory 
addresses are listed in Table 1. The jumpers used on this module 
consist of wire-wrap pins to which the connections are made; their 
locations are shown in Figures 2 and 3. A complete listing of the 
jumpers and a description of their functions are contained in Table 2. 

Addresses for the DLV11-E can range from 160000 through 177770 8 . 
The least significant three bits (only bits 1 and 2 are used; bit 0 is 
ignored) address the desired registers in the module, as described in 
Table 1. Address bits 3 through 12 are jumper-selected as illustrated 
in Figure 3. 
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Since each module has four registers, each requires four addresses. 
Addresses 177560—177566 are reserved for the module used with the 
console peripheral device. Additional modules should be assigned 
addresses from 175610 through 176176, allowing up to 30 additional 
DLV1 1-E modules to be addressed. 



Table 1 Standard Assignments 



Description 



Mnemonic 



Console 
Module 



Second 
Module 



Register 

Receiver Control/Status 
Receiver Data Buffer 
Transmit Control/Status 
Transmit Data Buffer 



RCSR 
RBUF 
XCSR 
XBUF 



177560 
I77562 
177564 
177566 



175610 
175612 
175614 
175616 



Interrupts 

Receiver 
Transmitter 



60 
64 



300 
304 
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ADDRESS JUMPERS' 
INSTALLED * 1 
REMOVED =0 



1 ■ TRANSMITTER J 



RANGE ■ ISOOOOg - 177776 8 



Figure 3 DLV11-E Addressing 



Table 2 DLV11-E Jumper Definitions 



NOTE 

Jumpers are inserted to enable the function they 
control except for those jumpers which indicate ne- 
gation (such as "-B" and "E"). Negated jumpers are 
removed to enable the functions they control. 



Jumper Function 



A3-A1 2 These jumpers correspond to bits 3 through 1 2 of 

the address word. When inserted, they will cause the 
bus interface to check for a true condition on the 
corresponding address bit. 

V3-V8 Used to generate the vector during an interrupt 

transaction. Each inserted jumper will assert the cor- 
responding vector bit on the LSI-1 1 bus. 

R0-R3 Receiver and transmitter baud rate select jumpers 

during common speed operation. 

Receiver-only baud rate select jumpers during split 
speed operation as defined in Table 3. 

T0-T3 Transmitter baud rate select jumpers during split 

speed operation. 

Both receiver and transmitter baud rate if mainte- 
nance mode is entered during split speed operation 
as defined in Table 3. 



188 



DLV11-E 



BG Jumper is inserted to enable break generation. 

P Jumper is inserted for operation with parity. 

E Removed for even parity; inserted for odd parity. 

1 , 2 These jumpers select the desired number of data 

bits, as defined in Table 4. 

PB Jumper is inserted to enable the programmable 

baud rate capability. 

C, C1 These jumpers are inserted for common speed op- 

eration. (Note that S and S1 must be removed when 
C and C1 are inserted.) 

S, S1 Inserted for split speed operation. (Note that C and 

C1 must be removed when S and S1 are inserted.) 

H This jumper is inserted to assert BHALT L when a 

framing error is received, except when the mainte- 
nance bit is set. This places the processor in the halt 
mode. 

B, -B Jumper B is inserted to negate BDCOK H when a 

break signal or framing error is received, except 
when the maintenance bit is set. This causes the 
processor to reboot. (Jumper -B must be removed 
when B is inserted.) 

-FD Jumper is removed to force data terminal ready sig- 

nal on. 

-FR Jumper is removed to force request to send signal 

on. 

RS This jumper is inserted to enable normal transmis- 

sion of the request to send signal. 

FB Inserted to enable transmission of the force busy 

signal (for Bell model 103E data sets). 

M, M1 These are test jumpers used during the manufacture 

of the module. They are not defined for field use. 
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Interrupt Vectors 

The interrupt vectors are selected by using jumpers V3 to V8. The 
standard configuration is shown in Figure 4 and Table 1. The vectors 
can range from 001 through 774. Note that vectors 60 and 64 are 
reserved for the console device. Additional DLV11-E modules should 
be assigned vectors following any DRV1 1 parallel interface modules 
installed in the system that start at address 300. 



SELECTED BY USER 
ASSERTED BY INTERRUPT § 
LOGIC CIRCUIT . 



I I I I I I Lo. 

§ 5 5 5 



RECEIVER 
I > TRANSMITTER 



VECTOR JUMPERS: 
INSTALLED* I 
REMOVED- 0 



RANGE "0 - 774 a 



Figure 4 DLV1 1 -E Interrupt Vector 



Baud Rate Selection 

The DLV11-E allows the user to configure jumpers T0-T3 and R0-R3 
for the transmit baud rate and the receiver baud rate as shown in 
Table 3. 

Data Bit Selection 

The number of data bits being transmitted or received by the DLV1 1-E 
is user-selectable by installing or removing jumpers 1 and 2. The 
specific number of data bits as controlled by the configuration of 
jumpers 1 and 2 is shown in Table 4. 

Factory Configuration 

The user can reconfigure any of the jumpers to make the module meet 
his requirements. The factory configuration as shipped is shown in 
Table 5 to help the user determine if any changes are required. 

Registers 

The word format for the DLV11-E CSR is shown in Figure 5 and its 
functions are described in Table 6. 
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Table 3 DLV1 1 -E Baud Rate Selection 





Bit 


Bit 


Bit 


Bit 


Bit 


Prnaram Control 

rIVMIQIII WIIIIUI 


15 


14 


13 


12 


11* 


necvivv uuniper s 


no 


DO 


n i 


nu 




Baud 












Transmit Jumpers 


T3 


T2 


T1 


TO 




Rate 












50 




1 
1 


I 
I 


1 

R 




75 












110 




1 


R 


1 




134.5 




1 

R 


R 
I 


R 
1 




150 












300 




R 
R 


I 

R 


R 
1 




600 












1200 


R 


R 
1 


R 
I 


R 
1 




1800 












2000 


R 
R 


1 
1 


I 

R 


R 
1 




2400 












3600 


R 


1 


R 


R 




4800 


R 


R 


I 


1 




7200 


R 


R 


I 


R 




9600 


R 


R 


R 


1 




19200 


R 


R 


R 


R 





I = jumper inserted = program bit cleared. 
R = jumper removed = program bit set. 

* Bit 11 of the XCSR (write-only bit) must be set in order to select a new baud 
rate under program control. Also, jumper PB must be inserted to enable 
baud rate selection under program control. 
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Table 4 DLV1 1 -E Data Bit Selection 



Jumpers Number of Data Bits 

2 1 



I I 5 

I R 6 

R I 7 

R R 8 



Table 5 DLV1 1 -E Factory Jumper Configuration 



Jumper Jumper 

Designation State Function Implemented 



A3 I Jumpers A3 through A1 2 implement de- 
A4 R vice address 1 7561X. The least signifi- 
A5 R cant octal digit is hardwired on the mod- 
AG R ule to address the four device registers 
A7 I as follows: 

A8 ' X = 0 RCSR 

A9 ' X = 2 RBUF 

A1 ° R X = 4 XCSR 

A11 1 X = 6 XBUF 

A12 I 

V3 R This jumper selection implements inter- 

V4 R rupt vector address 300 8 for receiver 

V5 R interrupts and 304„ for transmitter inter- 

V6 I rupts. 

V7 I 

V8 R 

RO I This module is configured to receive at 

R1 R 110 baud. 

R2 I 

R3 I 
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TO I The transmitter is configured for 9600 

T1 R baud if split speed operation is used. 

T2 R 

T3 R 

BG I Break generation is enabled 

P R Parity bit is disabled. 

E R Parity type is not applicable when P is 

removed 

1 R Operation with eight data bits per char- 

2 R acter 

PB R Programmable baud rate function dis- 
abled. 

C I Common speed operation enabled. 

C1 I 

S R Split speed operation disabled. 

S1 R 

H R Halt on framing error disabled. 

B R Boot on framing error disabled. 

-B I 

FD I The data terminal ready signal is not 

forced continuously true. 

RS I The circuitry controlling the request to 

send signal is enabled. 

FB R The force busy signal is disabled. 

EF R Error flags are enabled. 

MT R Maintenance bit is disabled. 

M R Factory test jumpers. Not defined for 

M1 R field use. 



DSET 
INT 
ENB 



Figure 5 DLV1 1 -E RCSR Register Word Format 
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Table 6 DLV1 1 -E RCSR Bit Assignments 

Bit: 15 Name: DATA SET INT 

Description: (Data Set Interrupt) 

This bit initiates an interrupt sequence provided the DSET INT ENB 
(bit 5) is also set. . 

This bit is set whenever CAR DET, CLR TO SEND, or SEC REC 
changes state, i.e., on a 0 to 1 or 1 to 0 transition of any one of these 
bits. It is also set when RING changes from 0 to 1 . 
Cleared by INIT or by reading the RCSR. Because reading the register 
clears the bit, it is, in effect, a "read-once" bit. 

Bit: 14 Name: RING 

Description: When set, indicates that a ringing signal is being re- 
ceived from the data set. Note that the ringing signal is not a level but 
an El A control with a duty cycle of 2 seconds ON and 4 seconds OFF. 
Read-only bit. 

Bit: 13 Name: CLR TO SEND 

Description: (Clear to Send) 

This state of this bit is dependent on the state of the clear to send 
signal from the data set. When set, this bit indicates an ON condition; 
when clear, it indicates an OFF condition. 
Read-only bit. 

Bit: 12 Name: CAR DET 

Description: (Carrier Detect) 

This bit is set when the data carrier is received. When clear, it indicates 
either the end of the current transmission activity or an error condition. 
Read-only bit. 

Bit: 11 Name: RCVR ACT 

Description: (Receiver Active) 

When set, this bit indicates that the DLVH-E's receiver is active. The 
bit is set at the center of the start bit, which is the beginning of the input 
serial data from the device, and is cleared by the leading edge of 
RDONEH. 

Read-only bit; cleared by INIT or by RDONE H (bit 7). 
Bit: 10 Name: SEC REC 

Description: (Secondary Received or Supervisory Received Data) 
This bit provides a receive capability for the reverse channel of a 

remote station. A space (-S-6V) is read as a 1. (A transmit capability is 
provided by bit 3.) 
Read-only bit. 
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Bit: 9-8 
Description: 

Bit: 7 



Name: Not Used 
Reserved for future use. 



Name: RCVR DONE 



Description: (Receiver Done) 

This bit is set when an entire character has been received and is ready 
for transfer to the processor. When set, initiates an interrupt sequence 
provided RCVR INT ENB (bit 6) is also set. 

Cleared whenever the receiver buffer (RBUF) is addressed. Also 
cleared by I NIT. 

Read-only bit. 

Bit: 6 Name: RCVR INT ENB 

Description: (Receiver Interrupt Enable) 

When set, allows an interrupt sequence to start when RCVR DONE (bit 
7) sets. 

Read/write bit; cleared by INIT. 
(See Note 1.) 

Bit: 5 Name: DSET INT ENB 

Description: (Data Set Interrupt Enable) 

When set, allows an interrupt sequence to start when DATA SET INT 
(bit 15) sets. 

Read/ write bit; cleared by INIT. 
(See Note 1.) 

Bit: 4 Name: Not Used 

Description: Reserved for future use. 

Bit: 3 Name: SEC XMIT 

Description: (Secondary Transmitted or Supervisory Transmitted 
Data) 

This bit provides a transmit capability for a reverse channel of a re- 
mote station. When set, transmits a space (approx. + 11.5V). (A re- 
ceive capability is provided by bit 10.) 

Read/write bit; cleared by INIT. 

Bit: 2 Name: REQ TO SEND 

Description: (Request to Send) 

A control lead to the data set which is required for transmission. A 
jumper on the DLV11-E ties this bit to REQ TO SEND or force busy in 
the data set. 

Read/write bit; cleared by INIT. 
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Bit: 1 Name: DTR 

Description: (Data Terminal Ready) 

A control lead for the data set communication channel. When set, 
permits connection to the channel. When clear, disconnects the inter- 
face from the channel. 

Read/write bit; must be cleared by the program; is not cleared by INIT. 

(See Note 2.) 

NOTES 

1. When clearing an interrupt enable bit, first set the appropriate 
processor status bit = 1 . After the interrupt enable bit at the mod- 
ule is cleared, the processor may be returned to its normal 
priority. 

2. The state of this bit is not defined after power-up. 

3. INIT = LSI-1 1 bus BINIT signal assertion. 

The word format for the DLV11-E RBUF register is shown in Figure 6 
and its functions are described in Table 7. 



RECEIVED DATA BITS 



Figure 6 DLV1 1 -E RBUF Register Word Format 
Table 7 DLV1 1 -E RBUF Bit Assignments 

Bit: 15 Name: ERROR 

Description: (Error) 

Used to indicate that an error condition is present. This bit is the 
logical OR of OR ERR, FR ERR, and P ERR (bits 14, 13, and 12, 
respectively). Whenever one of these bits is set, it causes error to set. 
This bit is not connected to the interrupt logic. 

Read-only bit; cleared by removing the error-producing condition. 

NOTE 

Error indications remain present until the next char- 
acter is received, at which time the error bits are 
updated. INIT clears the error bits. 

Bit: 14 Name: OR ERR 

Description: (Overrun Error) 

When set, indicates that reading of the previously received character 
was not completed (RCVR DONE not cleared) prior to receiving a new 
character. 

Read-only bit. Cleared by INIT. 
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Bit: 13 Name: FRERR 

Description: (Framing Error) 

When set, indicates that the character that was read had no valid stop 
bit. 

Read-only bit. Cleared by INIT. 

Bit: 12 Name: PERR 

Description: (Parity Error) 

When set, indicates that the parity received does not agree with the 
expected parity. This bit is always 0 if no parity is selected. 

Read-only bit. Cleared by INIT. 

Bit: 11-8 Name: Not Used 
Description: Reserved for future use. 

Bit: 7-0 Name: RECEIVED DATA 

Description: Holds the character just read. If less than eight bits are 
selected, then the buffer is right-justified into the least significant bit 
positions. In this case, the unused bits are read as 0s. 

Read-only bits; not cleared by INIT. 

NOTE 

INIT = LSI-11 bus BINIT signal assertion. 
The word format for the DLV11-E XCSR register is shown in Figure 7 
and its functions are described in Table 8. 



PBR 


PBR 


PBR 


PBR 


PBR 




XMIT 
ROY 


XMIT 






RE- 
SERVED 




SEL 
3 


SEL 
2 


SEL 
1 


SEL 
0 


SEL 
ENB 


RESERVED 


INT 
ENB 


RESERVED 


MAINT 


BREAK 



rigure 7 DLV1 1 -E XCSR Register Word Format 



Table 8 DLV1 1 -E XCSR Bit Assignments 

Bit: 15-12 Name: PBR SEL 

Description: (Programmable Baud Rate Select) 

When set, these bits choose a baud rate from 50-9600 baud. 

See Table 3. 

Write-only bits. 

Bit: 11 Name: PBR ENB 

Description: (Programmable Baud Rate Enable) 

This bit must be set in order to select a new baud rate inciated by bits 

12 to 15. 

Write-only bits. 
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Bit: 10-8 Name: Not Used 
Description: Reserved for future use. 

Bit: 7 Name: XMIT RDY 

Description: (Transmitter Ready) 

This bit is set when the transmitter buffer (XBUF) can accept another 
character. When set, it initiates an interrupt sequence provided XMIT 
INT ENB(bit 6) is also set. 

Bit: 6 Name: XMIT INT ENB 

Description: (Transmitter Interrupt Enable) 

When set, allows an interrupt sequence to start when XMIT RDY (bit 7) 
is set. 

Read/write bits; cleared by INIT. 
(See Note.) 

Bit: 5-3 Name: Not Used 
Description: Reserved for future use. 

Bit: 2 Name: MAINT 

Description: Used for maintenance function. When set, connects the 
transmitter serial output to the receiver serial input while disconnect- 
ing the external device from the receiver serial input. It also forces the 
receiver to run at transmitter baud rate speed when common speed 
operation is enabled. 

Read/write bit; cleared by INIT. 

Bit: 1 Name: Not Used. 

Description: Reserved for future use. 

Bit: 0 Name: BREAK 

Description: When set, transmits a continuous space to the external 
device. 

Read/write bit; cleared by INIT. 

NOTE 

When clearing an interrupt enable bit, first set the 
appropriate processor status word bit = 1. After the 
interrupt enable bit at the module is cleared, the 
processor may be returned its normal priority. 



The word format for the DLV11-E XBUF register is shown in Figure 8 
and its functions are described in Table 9. 
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TRANSMITTER DATA BUFFER 



Figure 8 DLV11-E XBUF Register Word Format 



Table 9 DLV1 1 -E XBUF Bit Assignments 

Bit: 15-8 Name: Not Used 

Description: Not defined. Not necessarily read as Os. 

Bit: 7-0 Name: TRANSMITTER DATA BUFFER 

Description: Holds the character to be transferred to the external 
device. If less than eight bits are used, the character must be loaded 
so that it is right-justified into the least significant bits. 

Write-only bits. Not necessarily read as 0s. 
Installation 

Prior to installing the OLV11-E on the backplane, first establish the 
desired priority level to determine the backplane slot in which the 
module will be installed. Then, check that module configuration jump- 
ers are configured as required for your application. Connection to the 
peripheral device is via an optional BC05C-X* modem cable for EIA 
interface applications. 

The BC05C cable provides the correct connection to the 40-pin con- 
nector on the DLV11-E. The peripheral device end of the cable is 
terminated with a Cinch DB25P connector that is pin-compatible with 
Bell 103, 113, 202C, 202D, and 212 modems. Connector pinning and 
signal levels conform to EIA specification RS-232C. The EIA interface 
circuit is shown in Figure 9; jumpers are shown in Figure 2. 



*X= Length in feet. Standard length is 25 feet. 
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MCOSC MODEM CABLE 
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Figure 9 DLV11-E Peripheral interface Signal Flow 
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DLV11-F ASYNCHRONOUS LINE INTERFACE 
GENERAL 

The DLV11-F asynchronous line interface module interfaces the LSI- 
1 1 bus to any of several standard types of serial communications lines. 
The module receives serial data from peripheral devices, assembles it 
into parallel data, and transfers it to the LSI-1 1 bus. It accepts data 
from the LSI-1 1 bus, converts it into serial data, and transmits it to the 
peripheral devices. The DLV11-F supports either 20 mA current loop 
or ElA-standard lines, but does not include modem control. 

FEATURES 

• Jumper- or program-selectable, crystal-controlled baud rates: 50, 
75, 110, 134.5, 150, 300, 600, 1200, 1800, 2000, 2400, 3600, 4800, 
7200, 9600, and 19,200. Split transmit and receive baud rates are 
possible. 

• Provisions for user-supplied external clock inputs for baud rate con- 
trol. 

• Jumper-selectable data bit formats. 

• LSI-1 1 bus interface and control logic for interrupt processing and 
vectored addressing of interrupt service routines. 

• Control, status, and data buffer registers directly accessible via 
processor instructions. 

• Support for "data leads only" modem (Bell type 103, 113). 

• Generation of reader run signal for use with ASR-type terminals 
(when equipped with reader run relay). 

SPECIFICATIONS 

Identification 

Size 
Power 

Bus loads 
AC 
DC 

DESCRIPTION 
General 

Major functions of the DLV11-F are shown in Figure 1. Communica- 
tions between the processor and the DLV11 are executed via pro- 
grammed I/O operations or interrupt-d riven routines. 
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M8028 
Double 

+5.0 Vdc ±5% at 1.0 A 
+12.0 Vdc ±3% at 0.18 A 

2.2 
1.0 




Figure 1 DLV1 1 -F Asynchronous Line Interface Logic Block Diagram 
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Bus Interface 

The bus interface circuit signal levels consist of data moving between 
the LSI-1 1 bus and the module's internal tri-state bus. The interface 
decodes the device address and produces an address match (MATCH 
H) signal, and places interrupt vectors on the LSI-1 1 bus. The interface 
receives from the LSI-1 1 bus unless it is switched to transmit to the 
LSI-1 1 bus. The interrupt logic can cause the bus interface to transmit 
either a transmitter or a receiver interrupt vector; the I/O control logic 
can cause the interface to transmit or receive data to or from the LSI- 
11 bus. 

The interface receives LSI-1 1 bus lines BDALOO L through BDAL15 L 
and places them on the module's tri-state bus. If BBS7 L is asserted, 
the circuit decodes BDAL03 L through BDAL12 L and asserts MATCH 
H. Jumpers A3-A12 are configured to let the option respond to specif- 
ic device register addresses. Jumpers V3-V8 select the option's inter- 
rupt vector. 

I/O Control Logic 

When the I/O control logic receives MATCH H from the bus interface, 
it decodes tri-state bus lines DATOO H through DAT02 H and selects 
the addressed device register. The I/O control logic exchanges bus 
control signals with the processor to perform input and output data 
transfers. During an interrupt transaction, VECTOR H from the 
interrupt logic causes the circuit to assert BRPLY L in response to 
BDIN L. During data transactions, the I/O control logic asserts INWD L 
to switch the bus interface transceivers from receiving to transmitting. 

Control/Status Registers 

The receiver control/status register (RCSR) and the transmitter con- 
trol/status register (XCSR) are enabled by selection signals from the 
I/O control logic. The CSRs are byte addressable for reading status 
bits or writing control bits. 

Data Buffers 

The receiver buffer (RBUF) and transmitter buffer (XBUF) provide 
double-buffering in that one byte of data can be held while another 
byte is entering or exiting. This allows asynchronous, full duplex oper- 
ation. Data is handled in the low byte of the registers. The buffer 
control circuitry places receiver buffer error flag bits in the high byte of 
the RBUF. If also sends a status bit to the RCSR and a framing error bit 
(FE H) to the break logic. 
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Receiver Active Circuit 

This circuit monitors the received serial data line and sets a status bit 
(RCVR ACT) as soon as the RBUF begins receiving data. It clears the 
bit when a full character of data has been received. 

Interrupt Logic 

The DLV1 1-F can generate transmitter interrupts. If the XBUF is ready 
to serialize another character of data and the transmitter interrupt 
enable bit is set in the XCSR, the interrupt logic requests to interrupt 
the processor (by asserting BIRQ L). If the processor acknowledges 
via the BIAKI/BIAKO daisy-chain, the interrupt logic asserts VECTOR 
H and VECRQSTB H. These signals cause the bus interface to place 
the transmitter function interrupt vector address on the LSI-1 1 bus. 

The module also can request a receiver interrupt if the RBUF has 
received a character and the receiver interrupt bit is set in the RCSR. 
When the interrupt request is acknowledged, the interrupt logic as- 
serts VECTOR H. VECTOR H causes the bus interface circuit to place 
the receiver function interrupt vector address on the LSI-1 1 bus. 
(VECRQSTB H is used only for a transmitter interrupt.) 

The interrupt acknowledge daisy-chain (BIAKI/BIAKO) passes 
through both the receiver and transmitter sections of the interrupt 
logic. It goes through the receiver section first, thereby giving the 
receiver channel priority over the transmitter channel. 

Baud Rate Control 

The baud rate control establishes the speed at which the data buffers 
handle serial data. It produces clock signals by dividing a crystal oscil- 
lator frequency by an amount selected by jumpers or by the program. 
The circuit can be jumpered to generate either independent transmit- 
ter and receiver clocks (split speed operation) or a common clock 
(common speed operation). 

When the programmable baud rate enable bit is set in the XCSR, the 
baud rate control decodes tri-state bus lines DAT12 H through DAT15 
H. These bits control the receive baud rate in split speed operation 
and both transmit and receive baud rate In common speed operation. 
When programmable baud rate is not enabled, the baud rates are 
controlled by jumpers. In split speed operation, jumpers R0-R3 con- 
trol the receive baud rate and jumpers T0-T3 control the transmit baud 
rate. In common speed operation, R0-R3 control both baud rates. 

The circuit has provisions for a user-supplied external clock. 
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Break Logic 

A break signal is a continuous spacing condition on the serial data 
line. If the break bit is set in the XCSR, the module will transmit a break 
signal to the peripheral device (normally another processor). If the 
module receives a break signal from the peripheral device (normally a 
console device), the RBUF control circuitry interprets the absence of 
stop bits as a framing error. The circuit can be jumpered to ignore the 
framing error, to place the processor in the halt mode, or to cause the 
processor to reboot. The break logic asserts BHALT L to halt the 
processor. It negates BDCOK H to reboot. 

Maintenance Mode Logic 

The modules can check out their data paths up to (but not including) 
the peripheral interface circuit by looping the XBUF's serial output 
back to the RBUF's serial input. Data from the LSI-1 1 bus still goes to 
the peripheral device, but no data is received from the peripheral in 
this maintenance mode. The program can compare received (looped) 
data with transmitted data to check for errors. The maintenance mode 
is entered by setting the maintenance bit in the XCSR. 

Peripheral Interface 

This circuit can be jumpered to support either EIA-Ievel data leads (no 
modem control) or 20 mA current loop modes. When interfacing EIA- 
Ievel data leads ("data leads only" operation), request to send, force 
busy, and data terminal ready are continuously true by separate EIA 
drivers. No modem control signals are received. 

In the current loop mode of operation, the circuit uses optical isolators 
to interface TTL to 20 mA current loops. This operation is jumper- 
selectable for either active or passive operation of the transmitter and 
receiver circuitry. 

The peripheral interface also produces a reader run current to ad- 
vance the paper tape reader on a peripheral equipped with a reader 
run relay. This is controlled by the reader enable bit in the DLV11-F's 
RCSR. 



DC-to-DC Power Inverter 

The power inverter uses the +12V from the backplane to produce - 
12V for the peripheral interface and data buffer circuitry. It consists of 
an oscillator, rectifier, inductive charge pump, and a zener regulator. 
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CONFIGURATION 
General 

The following paragraphs describe how the user can configure the 
module to function within his system. The user can select the register 
addresses, interrupt vectors, data format, baud rate, and interface 
mode. The registers and their standard factory addresses are listed in 
Table 1. The jumpers used on this module consist of wire-wrap pins to 
which the connections are made; their locations are shown in Figure 2. 
A complete listing of the jumpers and a description of their functions 
are listed in Table 2. 
Addresses 

Addresses for the DLV1 1-F can range from 160000 8 through 177770 8 . 
The least significant three bits (only bits 1 and 2 are used; bit 0 is 
ignored) address the desired registers in the module, as shown in 
Table 1. Address bits 3 through 12 are jumper-selected as shown in 
Figure 3. 

Since each module has four registers, each requires four addresses. 
Addresses 177560—177566 are reserved for the module used with the 
console peripheral device. Additional modules should be assigned 
addresses from 176500 through 176670, allowing up to 30 additional 
DLV1 1-F modules to be addressed. 
Interrupt Vectors 

The interrupt vectors are selected by using jumpers V3 to V8. The 
standard configuration is shown in Figure 4 and Table 1. The vectors 
can range from 001 through 774„. Note that vectors 60 8 and 64 8 are 
reserved for the console device. Additional DLV11-F modules should 
be assigned vectors following any DRV11 peripheral interface module 
installed in the system that starts at address 300 8 . 



Table 1 Standard Assignments 



Description 



Mnemonic 



Console 
Module 



Second 
Module 



Register 

Receiver Control/Status 
Receiver Data Buffer 
Transmit Control/Status 
Transmit Data Buffer 



RCSR' 
RBUF 
XCSR 
XBUF 



177560 
177562 
177564 
177566 



176500 
176502 
176504 
176506 



Interrupts 

Receiver 
Transmitter 



60 
64 



300 
304 
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Figure 2 DLV1 1 -F Jumper Locations 
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Table 2 DLV11-F Jumper Definitions 
NOTE 

Jumpers are inserted to enable the function they 
control except for those jumpers which indicate ne- 
gation (such as "-B" and "E"). Negated jumpers are 
removed to enable the functions they control. 



Jumper Function 



A3-A1 2 These jumpers correspond to bits 3 through 1 2 of 

the address word. When inserted, they cause the 
bus interface to check for a true condition on the 
corresponding address bit. 

V3-V8 Used to generate the vector during an interrupt 

transaction. Each inserted jumper asserts the cor- 
responding vector bit on the LSI-1 1 bus. 

R0-R3 Receiver and transmitter baud rate select jumpers 

during common speed operation. 

Receiver-only baud rate select jumpers during split 
speed operation, as defined in Table 3. 

T0-T3 Transmitter baud rate select jumpers during split 

speed operation. 

Both receiver and transmitter baud rate if mainte- 
nance mode is entered during split speed operation, 
as defined in Table 3. 

BG Jumper is inserted to enable break generation. 

P Jumper is inserted for operation with parity. 

E Receiver checks for appropriate parity and transmit- 

ter inserts appropriate parity. 

1 , 2 These jumpers select the desired number of data 

bits, as defined in Table 4. 

PB Jumper is inserted to enable the programmable 

baud rate capability. 

C, C1 These jumpers are inserted for common speed op- 

eration. (Note that S and S1 must be removed when 
C and C1 are inserted.) 
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S, S1 Inserted for split speed operation. (Note that C and 

C1 must be removed when S and S1 are inserted.) 

H This jumper is inserted to assert BHALT L when a 

framing error is received, except when the mainte- 
nance bit is set. This places the processor in the halt 
mode. 

B, -B Jumper B is inserted to negate BDCOK H when a 

break signal or framing error is received, except 
when the maintenance bit is set. This causes the 
processor to reboot. (Jumper -B must be removed 
when B is inserted.) 

1 A, 2A, 3A These three jumpers are inserted to make the 20 mA 
current loop receiver active. (Jumpers "IP and 2P 
must be removed when 1 A, 2A, and 3A are inserted.) 

1 P, 2P These jumpers are inserted to make the 20 mA cur- 

rent loop receiver passive. (Jumpers 1 A, 2A, and 3A 
must be removed when 1P and 2P are installed.) 

4A, 5A Inserted to make the 20 mA current loop transmitter 

active. (Jumpers 3P and 4P must be removed when 
4A and 5A are inserted.) 

3P, 4P Inserted to make the 20 mA current loop transmitter 

passive. (Jumpers 4A and 5A must be removed 
when 3P and 4P are inserted.) 

EF Jumper is removed to enable the error flags to be 

read in the high byte of the receiver buffer. 

M, M1 These are test jumpers used during the manufacture 

of the module. They are not defined for field use. 
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1,1 1,1,1 I | R , I I . I , R 



ADDRESS JUMPERS'. 
INSTALLED 0 1 
REMOVED '0 



RANGE » 160000a " I77776 a 



Figure 3 DLV11-F Addressing 



SELECTED Br USER . 
ASSERTED BY INTERRUPT 
LOGIC CIRCUIT . 



VECTOR JUMPERS : 
INSTALLED- 1 
REMOVED-0 



0 " RECEIVER 

1 - TRANSMITTER 



RANGE • 0 - 774 a 



Figure 4 DLV1 1 -F Interrupt Vectors 



Baud Rate Selection 

The DLV11-F allows the user to configure jumpers T0-T3 and R0-R3 
for the transmit baud rate and the receiver baud rate as shown in 
Table 3. 

Data Bit Selection 

The number of data bits transmitted or received by the DLV11-F is 
user-selectable by installing or removing jumpers 1 and 2. The specif- 
ic number of data bits as controlled by the configuration of jumpers 1 
and 2 is shown in Table 4. 
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Table 3 DLV1 1 -F Baud Rate Selection 





Rlt 

Dll 


Bit 

Dll 
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Bit 


Bit 

Dll 


r rug ram ooniroi 


15 


14 


1 0 


19 
1 £ 


11* 
1 1 


neceive jumpers 


no 




D1 
It I 


DO 

nu 


Baud 


i ransmu jumpers 


1 4 


TO ' 


T1 


TA 
IU 


Da* a 




1 


1 


1 


1 


50 




1 


1 


1 


R 


75 




1 


1 


R 


1 


110" 




1 


1 


R 


R 


134.5 




1 


R 


1 


1 


150 




1 


R 


1 


R 


300 




1 


R 


R 


1 


600 




1 


R 


R 


R 


1200 




R 


1 


1 


1 


1800 




R 


1 


1 


R 


2000 




R 


1 


R 


1 


2400 




R 


1 


R 


R 


3600 




R 


R 


1 


1 


4800 




R 


R 


1 


R 


7200 




R 


R 


R 


1 


9600 




R 


R 


R 


R 


19200 



I = Jumper inserted = program bit cleared 
R = Jumper removed = program bit set 



* Bit 11 of the XCSR (write-only bit) must be set in order to select a new baud 
rate under program control. Also, jumper PB must be inserted to enable 
baud rate selection under program control. 

** When configured for 1 10 baud, the UART is set for two stop bits. 

Table 4 DLV11-F Data Bit Selection 



Jumpers Number of Data Bits 

2 1 

I I 5 

I R 6 

R I 7 

R R 8 
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Factory Configuration 

The user can reconfigure any of the jumpers to make the module meet 
his requirements. The factory configuration, as shipped, is shown in 
Table 5 to assist the user in determining what changes are needed. 

Table 5 DLV11-F Factory Jumper Configuration 



Jumper Jumper 

Designation State Function Implemented 



A3 R Jumpers A3 through A1 2 implement de- 
A4 I vice address 1 7756X. The least signifi- 
A5 I cant octal digit is hardwired on the mod- 
AG I ule to address the four device registers 
A7 R as follows: 
A8 I 

A9 I x = 

A1 ° 1 0 RCSR 

A11 I X = 

A12 I 2 RBUF 

X = 

4 XCSR 

X = 6 XBUF 

V3 R This jumper selection implements inter- 

V4 I rupt vector 60 8 for receiver interrupts 

V5 I and 64 8 for transmitter interrupts. 

V6 R 

V7 R 

V8 R 

RO I The module is configured to receive at 

R1 R 110-baud. 

R2 I 

R3 I 

TO I The transmitter is configured for 9600 

T1 R baud if split speed operation is used. 

T2 R 

T3 R 

BG I Break generation is enabled. 
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P R Parity bit is disabled. 

E R Parity type is not applicable when P is 

removed 

1 R Operation with eight data bits per char- 

2 R acter. 

PB R Programmable baud rate function dis- 
abled. 

C I Common speed operation enabled. 

C1 I 

S R Split speed operation disabled. 

S1 R 

H I Halt on framing error enabled. 

B R Boot on framing error disabled. 

-B I 

1 A I The 20 m A current loop receiver is con- 

2A I figured as an active receiver. 

3A I 

1P R 

2P R 

4A I The 20 mA current loop transmitter is 

5A I configured for active operation. 

3P R 

4P R 

EF I Error flags are disabled. 

MT R Maintenance bit disabled. 

M R Factory test jumpers. Not defined for 

M1 R field use. 



Registers 

The word format for the DLV11-F RCSR is shown in Figure 5 and 
functionally described in Table 6. 



IS 14 13 12 11 10 09 OS 07 06 OS 04 03 02 01 00 



t 1 1 r 

RESERVED 
J 1 L_ 



Figure 5 DLV1 1 -F RCSR Word Format 
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Table 6 DLV1 1 -F RCSR Bit Assignments 
Bit: 15-12 Name: Not used 
Description: Reserved for future use. 

Bit: 11 Name: RCVR ACT 

Description: (Receiver Active) 

When set, this bit indicates that the DLV11-F interface receiver is ac- 
tive. The bit is set at the center of the start bit, which is the beginning of 
the input serial data from the device and is cleared by the leading edge 
of RDONE H. 

Read-only bit; cleared by INIT or by RCVR DONE (bit 7). 

Bit: 10-8 Name: Not used 
Description: Reserved for future use. 

Bit: 7 Name: RCVR DONE 

Description: (Receiver Done) 

This bit is set when an entire character has been received and is ready 
for transfer to the processor. When set, initiates an interrupt sequence 
provided RCVR INT ENB (bit 6) is also set. 

Read-only bit. 

Bit: 6 Name: RCVR INT ENB 

Description: (Receiver Interrupt Enable) 

When set, allows an interrupt sequence to start when RCVR DONE (bit 
7) sets. 

Read/write bit; cleared by INIT. 

Bit: 5-1 Name: Not used 

Description: Reserved for future use. 

Bit: 0 Name: RDR ENB 

Description: (Reader Enable) 

When set, this bit advances the paper tape reader in DIGITAL-modi- 
fied TTY units (LT33-C, LT35-A, C) and clears the RCVR DONE bit (bit 
7). 

This bit is cleared at the middle of the start bit, which is the beginning 
of the serial input from an external device. Also cleared by INIT. 

Write-only bit. 

NOTE 

INIT = LSI-11 bus BINIT signal assertion. 

The word format for the DLV11-F RBUF register is shown in Figure 6 
and functionally described in Table 7. 
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RECEIVED DATA BITS 



Figure 6 DLV1 1 -F RBUF Word Format 



Table 7 DLV1 1 -F RBUF Bit Assignments 
Bit: 15 Name: ERROR 

Description: Used to indicate that an error condition is present. This 
bit is the logical OR of OR ERR, FR ERR, and P ERR (bits 14, 13, and 
12, respectively). Whenever one of these bits is set, it causes bit 15 to 
set. This bit is not connected to the interrupt logic. 

Read-only bit; cleared by removing the error-producing condition. 

NOTE 

Error indications remain present until the next char- 
acter is received, at which time the error bits are 
updated. INIT clears the error bits. 

Bit: 14 Name: OR ERR 

Description: (Overrun Error) 

When set, indicates that reading of the previously received character 
was not completed (RCVR DONE not cleared) prior to receiving a new 
character. 

Read-only bit. Cleared by INIT. 

Bit: 13 Name: FRERR 

Description: (Framing Error) 

When set, indicates that the character that was read had no valid stop 
bit. 

Read-only bit. Cleared by INIT. 

Bit: 12 Name: P ERR 

Description: (Parity Error) 

When set, indicates that the parity received does not agree with the 
expected parity. This bit is always 0 if no parity is selected. 

Read-only bit. Cleared by INIT. 

Bit: 11-8 Name: Not used 
Description: Reserved for future use. 

Bit: 7-0 Name: RECEIVED DATA BITS 

Description: Holds the character just read. If less than eight bits are 
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selected, then the buffer is right-justified into the least significant bit 
positions. In this case, the higher unused bit or bits are read as Os. 

Read-only bits; not cleared by INIT. 

NOTE 

INIT = LSI-11 bus BINIT signal assertion. 

The word format for the DLV11-F XCSR register is shown in Figure 7 
and functionally described in Table 8. 



02 



01 



PBR 
SEL 
ENB 



XMIT 
INT 
ENB 



MA,NT SERVED ***** 



Figure 7 DLV1 1 -F XCSR Word Format 



Table 8 DLV1 1 -F XCSR Bit Assignments 

Bit: 15-12 Name: PBR SEL 

Description: (Programmable Baud Rate Enable) 

When set, these bits choose a baud rate from 50-9600 baud. See 

Table 3. 

Write-only bits. 

Bit: 11 Name: PBR ENB 

Description: (Programmable Baud Rate Enable) 

This bit must be set in order to select a new baud rate indicated by bits 

12 to 15. 

Write-only bits. 

Bit: 10-8 Name: Not used 
Description: Reserved for future use. 

Bit: 7 Name: XMIT RDY 

Description: (Transmitter Ready) 

This bit is set when the transmitter buffer (XBUF) can accept another 
character. When set, it initiates an interrupt sequence provided XMIT 
INT ENB (bit 6) is also set. 

Bit: 6 Name: XMIT INT ENB 

Description: (Transmitter Interrupt Enable) 

When set, allows an interrupt sequence to start when XMIT RDY (bit 7) 
is set. 

Read/write bit; cleared by INIT. (See Note.) 



216 



DLV11-F 



Bit: 5-3 Name: Not used 
Description: Reserved for future use. 

Bit: 2 Name: MAINT 

Description: Used for maintenance function. When set, connects the 
transmitter serial output to the receiver serial input while disconnect- 
ing the external device from the receiver serial input. It also forces the 
receiver to run at transmitter baud rate speed when common speed 
operation is enabled. 

Read/write bit; cleared by INIT. 

Bit: 1 Name: Not used 

Description: Reserved for future use. 

Bit: 0 Name: BREAK 

Description: When set, transmits a continuous space to the external 
device. 

Read/write bit; cleared by INIT. 

NOTE 

When clearing an interrupt enable bit, first set the 
appropriate processor status word bit = 1 . After the 
interrupt enable bit at the module is cleared, the 
processor may be returned to its normal priority. 

The word format for the DLV11-F XBUF register is shown in Figure 8 
and functionally described in Table 9. 



TRANSMITTER DATA BUFFER 



Figure 8 DLV1 1 -F XBUF Word Format 



Table 9 DLV11-F XBUF Bit Assignments 



Bit: 15-8 Name: Not Used 

Description: Not defined. Not necessarily read as Os. 

Bit: 7-0 Name: TRANSMITTER DATA BUFFER 
Description: Holds the character to be transferred to the external 
device. If fewer than eight bits are used, the character must be loaded 
so it is right-justified into the least significant bits. 

Write-only bits. Not necessarily read as Os. 
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Installation 

Before installing the DLV11-F on the backplane, first establish the 
desired priority level to determine in which backplane slot to install the 
module. Then ensure that the module configuration jumpers are con- 
figured correctly for your application. Connection to the peripheral 
device is via an optional data interface cable. Cables are listed below. 



Application 

EIA Interface 

20 mA Current Loop 



Cable Type* 

BC01 V-X or BC05C-X Modem Cable 
BC05M-X Cable Assembly 



Interfacing EIA-Compatible Devices 

The DLV1 1-F supports only the data leads of ElA-compatible devices. 
It uses a BC05C modem cable to interface devices such as the Tele- 
type® Model 37 Teletypewriter and the Bell Data Set Model 103 (in 
auto mode). The DLV11-F's EIA "data leads only" interface circuit is 
shown in Figure 9 and the jumpers are shown in Figure 1 . 



X = Length in feet. Standard length is 25 feet. 

Teletype is a registered trademark of Teletype Corporation. 




L> J> 

EIA/TTL I 

>-L> «> 



e: 



REQUEST TO SEND 



FORCE BUSY 



DATA TERMINAL READY 



TRANSMITTED DATA 



RECEIVED DATA 



EIA INTERLOCK 



Figure 9 EIA Data Leads Only interface 

Interfacing 20 mA Current Loop Devices with the DLV1 1 -F 

When interfacing with 20 mA current loop devices, the BC05M cable 
assembly provides the correct connections to the 40-pin connector on 
the DLV1 1-F. The peripheral device end of the cable is terminated with 
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a Mate-N-Lok connector that is pin-compatible with all DIGITAL 20 mA 
serial interface terminals. 

The interface circuits provided by the BC05M cable and the associat- 
ed DLV11-F jumpers are shown in Figures 9, 10 and 11. 

NOTE 

When the DLV11-F is used with teletypewriter de- 
vices, a 0.005/uF capacitor must be installed (see 



Figure 1). 



BCOSM CABLE 




REGISTER SELECT . 



RCSR 
BIT 0 



CONTROL 
LOGIC 
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1. Insert solid-line jumpers. 
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2, Insect dotted-llne Jumpess 

t» aalntaln compatibility 
with OXTli when configur- 
ing for passive transmitter. 
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RECEIVER 

ACTIVE 

CIRCUIT 



Figure 10 20 mA Transmitter and Reader Run Circuits 
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TTL SERIAL DATA IN 



-> h : 

* E 



SERIAL DATA IN 



20mA INTERLOCK 



Figure 1 1 Active Receive 20 mA Current Loop 



I SERIAL DATA IN 



ZOmA/TTL RECEIVEO DATA 



20mA INTERLOCK 



TTL SERIAL DATA IN , 



Figure 1 2 Passive Receive 20 mA Current Loop 
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DLV11-J FOUR ASYNCHRONOUS 
SERIAL INTERFACES 

GENERAL 

The DLV11-J is a 4-channel asynchronous serial line unit used to 
interface peripheral equipment to an LSI-11 bus. The interface trans- 
mits and receives data from the peripheral device over Electronics 
Industry Association (EIA) "data leads only" lines which do not use 
control lines. The module can be used with 20 mA current loop de- 
vices (with "reader-run" capabilities) when the DLV11-KA option is 
installed. With a DLV11-J interface, the processor can communicate 
with a local terminal such as a console teleprinter, a remote terminal 
via data sets and private line, or another local or remote processor. 
FEATURES 

• Four independent, full-duplex, asynchronous serial line interfaces to 
the LSI-1 1 bus on one double-height module. 

• Each channel independently configured for: 

1 . EIA RS-232C, RS-422, RS-423 

2. Baud Rates: 150, 300, 600, 1200, 2400, 4800, 9600, 19.2K, 38.4K 
and external 

3. Variable character format: 
7 or 8 data bits; 

1 or 2 stop bits; 
odd, even or no parity 

4. Support for data leads only: MODEMS (Bell type: 103, 113) 

• One channel configurable as computer console device interface, 
including halt or boot on received break. 

• 8.9 in. X 5.2 in. (22.8cm X 13.2cm) module 

• 20 mA current loop and 110 baud capability optionally added using 
the EIA to 20 mA converter (DLV1 1-KA). 

• The DLV1 1-KA provides: (Figure 1) 

1 . Single line EIA to 20 mA converter unit and 3 ft. (.91 m) cable for 
connection to DLV11-J. 

2. A program-controlled, reader advance function for DIGITAL- 
modified ASR33 teletypes. 

3. A 1 1 0 baud rate generator. 

4. Choice of active or passive operation. 

5. Operation up to 9600 baud. 

6. Cable drive capability up to 4000 feet. 



221 



DLV11-J 



SPECIFICATIONS 

Identification 



M8043 



Size 



Double 



Power 



+5 V ±5% at 1.0 A 
+12 V ±3% at 0.25 A 



Bus Loading 
AC 
DC 



1 
1 



DESCRIPTION 
General 

The DLV11-J module is designed to interface peripheral devices that 
transmit and receive asynchronous serial data over ElA-compatible 
data lines or 20 mA current loops to the parallel LSI-1 1 bus. When 
configured, the module transmits and receives the specified EIA signal 
levels on the receive and transmit data lines of the cable. Also, the 
module constantly asserts the data-terminal-ready signal. 

When configured for 20 mA current loop operation (DLV11-KA option 
installed), the DLV11-J can support devices which contain program- 
controlled paper tape readers (such as DIGITAL'S LT33 Teletypewri- 
ters or the ASR33 Teletypewriter with the LT33 modification kit.) 

During operation, the module is required to convert data from parallel 
to serial and serial to parallel. To accomplish this, a universal asyn- 
chronous receiver/transmitter (UART) is employed. When performing 
this conversion, the UART must also alter the speed and character 
format for the data (to meet user-selected parameters). In addition, 
the UART creates error bits to allow the programmer to check data 
transmission for errors. A block diagram of the DLV11-J module is 
shown in Figure 1. 

UART Operation 

The DLV11-J module is equipped with four universal asynchronous 
receiver/transmitters, one for each channel. The UART chip is capable 
of parallel data transfers with the computer and serial data transfers 
with the peripheral device. User-selectable jumpers determine the 
character format used during transmission. The jumpers select: 

7 or 8 data bits 
1 or 2 stop bits 
Parity or no parity 
Even or odd parity 
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The receiver section performs serial-to-parallel conversion of data 
which will always appear right-justified in the receive data buffer. The 
start, stop, and parity bits are removed and error flags appended to 
the transmission as it enters the receive buffer. The error flags, when 
set, will not interrupt operation, but they are available to the program- 
mer when reading the RBUF. 
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Figure 1 DLV1 1 -J Block Diagram (Sheet 2 of 2) 
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The transmitter performs parallel to serial conversion of data provided 
by the LSI-11 bus. The character length, stop bit code, parity, and 
baud rate are identical to the receiver section of the SLU channel. The 
transmitter, however, appends the proper start, stop, and parity bits to 
the data before transmission. 

Baud Rate Generator 

The baud rate control circuit generates clock signals that control the 
speed at which the receive buffer (RBUF) and the transmit buffer 
(XBUF) move serial data. The circuit provides a command clock to 
both buffers of the channel. 

The speed at which a channel will operate is configured by the selec- 
tion of wire-wrap jumpers which supply the desired baud rate clock. 
The clock is developed by a crystal-controlled oscillator driving a fre- 
quency division chip. The outputs of the frequency division chip are 
connected to wire-wrap posts which may be selected when configur- 
ing the channel(s). If more than one channel is used for a particular 
baud rate, the clock may be daisy-chained between channels. 

When 110 baud operation is desired, the DLV11-KA option must be 
used. This option provides the 110 clock to the channel via the peri- 
pheral device cable; no baud rate jumper may be configured on the 
module for the 110 baud channel. 

I/O Control Logic 

The I/O control logic directs data transfers between the computer and 
the DLV11-J module. The logic monitors the LSI-11 bus control lines 
to determine the type of data transfer to be executed (from the LSI-11 
bus to the register logic for an output operation or from the register 
logic to the LSI-11 bus for an input operation). The following LSI-11 
bus control lines are monitored by the I/O control logic during the 
operation: 

BSYNC Bus Synchronized. Set when valid address has been 

placed on LSI-11 bus. 

BDIN Bus Data Input. Set when processor is ready to 

receive input data. 

BDOUT Bus Data Output. Set when processor is ready to 

transmit output data. 

The module asserts the BRPLY (reply from module) bus control line 
when the data transfer has been completed. 
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During operation, the module receives the BSYNC signal indicating an 
address has been placed onto the LSI-1 1 bus. The I/O control logic 
gates this address into the address latch of the module with a SYNC H 
gating signal. If the address received is a bus device address on the 
DLV11-J, the address latch sends a BD SEL signal to the I/O control 
logic (indicating a valid address has been received). The control logic 
may now develop the proper gating signals (BDOUT/BDIN) to move 
the data to its proper destination. When the data transfer is complete, 
the module signals the processor via the BRPLY control line. 

Address Latch 

The address latch is used to hold the channel address (0-3), the device 
register address (RCSR, RBUF, XCSR, or XBUF), and the high-low 
byte indicator of the pending operation. When the program addresses 
the DLV11-J module, address bits 0-4 are presented to the address 
latch by the bus interface circuit over the internal tri-state data bus. 
Simultaneously, the address compare circuit and the bus interface 
circuit supply the address latch with the MATCH H signal and are 
gated into the latch under the control of the I/O control logic circuit 
(SYNC H signal). The address latch now holds the address and a 
board select signal (BD SEL 1) to be used by the I/O control/register 
logic during the completion of the desired operation. 

Address Compare Circuit 

The address compare circuit tests the user-configured base address 
of the module (wire-wrap jumpers A5, A8-12) against the LSI-1 1 bus 
input (BDAL 5, 8-12 L). If the addresses are same, the address com- 
pare circuit generates a portion of the MATCH H signal. (The remain- 
der of MATCH H is supplied by the bus interface.) The MATCH H 
signal is used by the address latch circuit when creating the BD SEL H 
signal required by the I/O control logic during data transfers. 

When channel 3 is configured as a console device interface, the bus 
interface logic tests for a proper console device address on the LSI-1 1 
bus. If the address received by the bus interface is a proper console 
address, the CON SEL 1 H signal is generated. This signal is transmit- 
ted from the bus interface to the address compare circuit to force 
console address recognition. 

Bus Interface 

The module contains bus drivers and receivers which interface direct- 
ly with the LSI-1 1 bus. This allows data movement between the LSI-1 1 
bus and the module's internal tri-state bus. These drivers also have 
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the ability to transmit vector addresses received from the interrupt 
vector generation logic onto the LSI-1 1 bus. 

If the LSI-1 1 bus holds an address within the I/O page, the BBS7 L 
signal line is asserted. This will cause the bus interface circuit of the 
DLV11-J to test the BDAL 6-7 L lines against the user-configured wire- 
wrap pins (A6-7) when the addresses and the same MATCH H signal 
are allowed to be asserted to the address latch. Since this is a "wired- 
AND," the MATCH H signal from the address compare signal must 
also be asserted. The MATCH H signal is required by the address latch 
to allow I/O data transfers. If channel 3 has been selected as a console 
device interface (jumpers C1 and C2 installed between wire-wrap 
posts X and 1), the bus interface performs a match operation between 
the LSI-1 1 bus lines (BDAL 3-5) and an internal address which is 
enabled by console select jumper C1. If the addresses agree, a CON 
SEL 1 H signal is produced for the address compare circuit which will 
force a console address recoanition. 

Interrupt and Vector Generation Logic 

When a peripheral device interfaced to a DLV11-J needs service, the 
module can, if enabled, interrupt the computer program and vector to 
a service routine. The interrupt logic can initiate two types of inter- 
rupts: a receiver interrupt and a transmitter interrupt. These interrupts 
are handled through separate receiver and transmitter channels. 

For an interrupt transaction to occur, the program must set the Inter- 
rupt enable bit (bit 6) in the control/status register (CSR). Next, the 
interrupt logic must recognize a condition requiring service (indicated 
by the setting of bit 7 within the CSR) and then assert the interrupt 
request line (BIRQ L) on the LSI-1 1 bus. When the interrupt is ac- 
knowledged by the processor, the interrupt logic creates an input to 
the module's vector generation circuit which reflects the channel 
needing service (0, 1, 2, or 3) and the type of service needed (receive 
or transmit). The vector generation logic creates a vector function 
address which may be modified by the user-configured "base vector" 
address jumpers (V5-7). This modified address is output to the LSI-1 1 
bus by the bus interface circuit, thus causing the processor to jump to 
the proper peripheral device service routine. 

A receiver interrupt request is initiated when the receive buffer (RBUF) 
has received and assembled a character of data and is ready to trans- 
fer it to the processor. A transmitter interrupt is initiated when the 
transmitter buffer holding register (XBUF) is empty and is ready for 
another data input from the processor. The interrupt logic is also used 
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to initialize the DLV1 1-J module. On a system power-up sequence, the 
processor creates BINIT L on the LSI-1 1 bus which is converted by the 
interrupt logic into INITO H. This signal is distributed on the module to 
initialize the four UARTs and the interrupt status registers (held within 
the interrupt logic). 

Control/Status Registers 

The control/status registers (CSRs) consist of a series of latches, data 
selectors, and gating circuitry. During data transactions, the I/O con- 
trol logic enables the XCSR or RCSR to either latch in control bits or 
gate out status bits. 

The RCSR uses only three bits during operation: 

Receiver done (bit 7), set by RBUF 

Receiver interrupt enable (bit 6), set by program 

Reader enable (bit 0), set by program 

All bits except the reader enable bit may be read by the program. 

The XCSR uses three bits during operation: 

Transmitter ready (bit 7), set by XBUF 
Transmitter interrupt enable (bit 6), set by program 
Break (bit 0), set by program and used only with the 
DLV11-KA option. 

All bits may be read by the program. 
Break Logic 

During normal operation, the UART checks each received character 
for the proper number of stop bits. It does this by testing for a marking 
condition at the appropriate bit time. If it finds a spacing condition 
instead, it sets the framing error (FE) flag. The BREAK signal is a 
continuous spacing condition, and is interpreted by the UART as a 
data character that is missing its stop bit(s). The UART, therefore, 
responds to the BREAK signal by asserting FE H. If the channel 3 
break response jumper is installed from X to B, FE H will negate 
control line BDCOK H; BDCOK H indicates to the processor that dc 
power is "OK." When FE H negates this signal, it causes the computer 
to restart at the bootstrap (provided proper processor power-up mode 
is selected). 

If the break jumper is installed from X to H, the computer will not 
"boot" on a framing error, but FE H will negate control line BHALT L. 
This causes the computer to halt when a framing error is received. 
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CAUTION 

If the system is using MOS memory, data may be lost when BDCOK 
is negated because this action interrupts the memory refresh cycle. 
If the jumper is not installed, the module will not take action. 

Peripheral Interface 

Each SLU channel of the DLV11-J module can be independently con- 
figured for line signal compatibility with EIA RS-232C and RS-423, RS- 
422, or 20 mA current loop operation (Figure 2). Each of the four 
interfaces may be configured to support 20 mA current loop devices 
with the addition of the DLV11-KA option. When installed, the peri- 
pheral interface supplies all power supply voltages needed by this 
option. If the 20 mA device contains a paper tape reader that can be 
program-controlled (such as DIGITAL'S LT33 or an ASR33 Tele- 
typewriter with LT33 modification kit), the interface can be configured 
to advance the reader one character at a time. 
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Figure 2 Typical Peripheral Interface 
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DC-to-DC Power Converter 

The power converter produces -12 Vdc and +5 Vdc from the LSI-11 
power supply voltage of +12 Vdc. These voltages are produced to 
power all chips on the DLV11-J module and to supply the DLV11-KA 
20 mA option. The power converter circuit consists of crystal-con- 
trolled oscillator which drives a charge pump.- The charge pump 
during operation supplies the desired power supply output voltage. 

CONFIGURATION 
General 

The DLV11-J device and vector addressing, serial word formats, baud 
rates, interface, type, etc. are selected by installing and/or removing 
jumpers. Wire-wrap posts are provided on the module for this pur- 
pose. The module is factory-configured and ready to use in most user 
applications. However, if a system requires different device register 
addresses and interrupt vectors or operations, the module may be 
reconfigured. The DLV11-J module is factory-configured for the fol- 
lowing operations: 

• Base address = 176500 

• Base vector address = 300 

• Channel 3 enabled as the console device (device addresses 
177560-177566 and vector addresses 60 and 64). 

• Channel 3 halt on break enabled 

• Baud rates (transmit and receive are identical): 
Channels 0,1 and 2 = 9.6K baud 

Channel 3 = 300 baud 

• Data/parity/stop bit format (all channels): 
Eight data bits 

One stop bit 
No parity 

• Serial line signal interface levels (all channels) compatible with both 
EIA RS-232C and RS-423, simultaneously (slew rate = 2 us) 

Figure 3 gives jumper and pad locations on the DLV11-J module and 
Table 1 gives a summary of the module's factory configuration. 
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Figure 3 DLV1 1 -J Jumper Locations 



231 



DLV11-J 

Table 1 Factory Jumper Configuration 



Standard 

Label Configuration Function Implemented 



A1 2 X to 1 This arrangement of jumpers A5-A1 2 

A11 X to 1 implements the octal base device ad- 

A1 0 X to 1 dress 1 765XX, which is the assigned 

A9 X to 0 address for channel 0 RCSR. The 

A8 X to 1 least significant digit is decoded on 

A7 R the module during operation to ad- 

AG I dress one of four SLU device regis- 

A5 XtoO ters as follows: 

X = 0, RCSR 

X = 2, RBUF 

X = 4, XCSR 

X = 6, XBUF 

C1 X to 1 These jumpers are used to enable 

C2 X to 1 channel 3 for console operation. Base 

address must be 176500 (factory- 
configured), 1 76540, or 1 77500 for the 
console. 

(Break X to H This jumper determines channel 3 

res- break response. The board is config- 

ponse) ured for halt (console emulator mode) 

on break condition. 

V7 I This arrangement of jumpers V5-V7 

V6 I implements the octal "base" vector of 

V5 X to 0* 300 with channel 3 at 60 and 64. 

E XtoO Odd parity 

D Xto1 8 data bits 

S X to 0 1 stop bit 

P Xto1 Parity inhibited 

These jumpers determine the word 
format used by the channel. All chan- 
nels are configured the same at the 
factory. 
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Table 1 Factory Jumper Configuration (Cont) 



Label 



Standard 
Configuration 



Function Implemented 



NO-3 
MO-3 



R10 



R23 



OtoN 
1 toN 
2toN 
3toT 



Xto3 
Xto3 



22KJ2 



22Kfi 



9.6K baud 
9.6K baud 
9.6K baud 
300 baud 

These jumpers determine the baud 
rate of the serial line channel for same 
baud rate daisy-chain wire-wraps. 

These jumpers determine the EIA 
standard compatibility of the channel. 
All channels are set at the factory to 
be compatible to both EIA RS-423 
and RS-232C simultaneously. 

Channels 0 and 1 , slew rate of 2 (is 
(used when configured for EIA RS- 
423/RS-232C) 

Channels 2 and 3, slew rate of 2 us 
(used when configured for EIA RS- 
423/RS232C) 



* See Interrupt Vector Format figure. 

Device Registers— The DLV11-J contains 16 device registers that can 
be individually addressed by the program. The four device registers 
provided for each of the SLU channels (0 through 3) are: 

Receive Control/Status Registers (RCSR) 
Receive Buffer (RBUF) 
Transmit Control/Status Register (XCSR) 
Transmit Buffer (XBUF) 

Wire-wrap jumpers are configured to establish the base address (BA) 
for the module. This base address is the channel 0 RCSR address. The 
device address format is shown in Figure 4. The remaining device 
addresses follow through 16 (total) contiguous word addresses; how- 
ever, it is possible to independently dedicate the last four addresses 
(channel 3) to a console device. When configured for console device 
operation, the channel's device register addresses will be 177560- 
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177566. For console operation, the board's base address must be one 
of the following: 

176500 (factory-configured) 

176540 

177500 

The floating address configurations are listed in Table 2 and the fac- 
tory or standard configuration addresses are listed in Table 3. 



All A10 A9 



BANK 7 
SELECTED (II 

FACTORY 

CONFIGURED 

BASE ADDRESS 
= 176500 



3 WIRE WRAP POSTS 
(X.I. 01 ARE 
PROVIDED FOR 
EACH BIT. 
JUMPER X TO 1 = I 
JUMPER X TO 0=0 



CHANNEL REGISTER BYTE 
(DEVICE) SELECT oniwTi 
SELECT 



177770s NONEXTENDED ADDRESS 
777770 B EXTENDED ADDRESS 




2 WIRE WRAP 
POSTS ARE 
PROVIDED FOR 
EACH BIT. 
JUMPER IN = 1 
JUMPER OUT = 0 



00 = CHANNEL 0 

01 = CHANNEL 1 

10 = CHANNEL 2 

11 = CHANNEL 3 



Figure 4 Channel 0 RCSR Address Format 



Table 2 Address Assignments (with Console Selected) 



Address 



Device 
Register 



Associated 
Vector 



Channel 0 



Module Base 
Address (BA) 
BA+2 
BA+4 
BA+6 

BA+10 
BA+12 
BA+14 
BA+16 



RCSR 

RBUF 
XCSR 
XBUF 

RCSR 
RBUF 
XCSR 
XBUF 



Module Base Vector 
(BV) 

BV+4 



Channel 1 



BV+10 
BV+14 
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Table 2 Address Assignments (with Console Selected) (Cont) 







Associaiea 


Address 


Register 


Vector 






Channel 2 


BA+20 


RCSR 


BV+20 


BA+22 


RBUF 






AO on 


BV+24 


BA+26 


XBUF 








Channel 3* 


177560 


RCSR 




177562 


RBUF 


60 Console 


177564 


XCSR 


Selected 


177566 


XBUF 


64 


* Channel 3 is used as a console device. 




Table 3 Factory or Standard Addresses 


Address 


Register 


Vector 


176500 


RCSR 




176502 


RBUF 


300 


176504 


XCSR 


Channel 0 


176506 


XBUF 


304 


176510 


RCSR 




176512 


RBUF 


310 


176514 


XCSR 


Channel 1 


176516 


XBUF 


314 


176520 


RCSR 




176522 


RBUF 


320 


176524 


XCSR 


Channel 2 


176526 


XBUF 


324 


177560 


RCSR 




177562 


RBUF 


60 


177564 


XCSR 


Channel 3 


177566 


XBUF 


64 



235 



DLV11-J 



Four word formats, one for each device register within a channel, are 
■ shown in Figure 5 and described in Table 4. These word formats are 
typical of all channels on the DLV1 1-J module. 



RECEIVER 
DONE 
(READ ONLY! 



RECEIVER 
INTERRUPT 
ENABLE 
IREAD/WRITE) 



- READER 
ENABLE 
(WRITE ONLY! 
ON READ = 0 



I 

FRAMING 
ERROR 
(READ 
ONLY) 
OVERRUN PARITY 
ERROR ERROR 
(READ (REAO 
ONLY) ONLY) 



ERROR 
(READ 
ONLY) 



RECEIVE DATA 
(7. 8 BIT DATA IS RIGHT JUSTIFIED.) 
IF BIT UNUSED = 0 



14 



13 



12 



TRANSMIT 
READY 
(READ ONLY) 



TRANSMIT BREAK 
IREAD/WRITE) 



TRANSMIT 
INTERRUPT 
ENABLE 
(READ/WRITE) 



NOTE 

ONE OF FOUR CHANNELS SHOWN. 
FORMAT THE SAME FOR ALL CHANNELS. 



TRANSMIT DATA 
17. 8 BIT DATA IS RIGHT JUSTIFIED.) 
(WRITE ONLY) ON READ = 0 



Figure 5 DLV1 1 -J Device Register Formats 
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Table 4 DLV1 1 -J Word Formats 



Receiver Control/Status Register 

Bit: 8-15 

Description: Not used. Read as 0. 
Bit: 7 

Description: Receiver Done. Set when an entire character has been 
received and is ready for input to the processor. This bit is automati- 
cally cleared when RBUF is read, when BINIT L signal goes true (low), 
or when reader enable bit is set. Read-only bit. 

If Receiver Interrupt (bit 6) is set, the setting of Receiver Done starts an 
interrupt sequence. 

Bit: 6 

Description: Receive Interrupt Enable. Set under program control 
when it is desired to generate a receiver interrupt request (when a 
character is ready for input to the processor signified by bit 7 being 
set). Cleared under program control or by the BINIT signal. Read/write 
bit. 

Bit: 1-5 

Description: Not used. Read as 0. 
Bit: 0 

Description: Reader Enable. Setting this bit advances the paper 
tape reader on an LT33 terminal one character at a time. Setting of this 
bit clears Receiver Done (bit 7). Write-only bit. 

The DLV1 1-KA 20 mA current loop option is required for operation of 
this bit. 

Receiver Buffer 

Bit: 15 

Description: Channel Error Status. Logical OR of bits 1 4, 1 3, and 1 2. 
Read-only bit. 

Bit: 14 

Description: Overrun Error. When set, indicates that the reading of 
the previously received character was not completed (receiver done 
not cleared) prior to receiving a new character. 

Cleared by BINIT signal. Read-only bit. 
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NOTE 

When "back-to-back" characters are received, one 
full character time is allowed from the time instant 
receiver done (bit 7) is set to the occurrence of an 
overrun error. 

Bit: 13 

Description: Framing Error. When set, indicates that the character 
read had no valid stop bit. 

Cleared by BINIT signal. Read-only bit. 

Bit: 12 

Description: Parity Error. When set, indicates that the parity re- 
ceived does not agree with the expected parity. This bit is always 0 if 
no-parity operation is configured for the channel. Read-only bit. 

NOTE 

Error bits remain valid until the next character is re- 
ceived, at which time the error bits are updated. 

Bit: 8-11 

Description: Not used. Read as 0. 
Bit: 0-7 

Description: Data bits. Contains seven or eight data bits in a right- 
justified format. Bit 7 = 0 when 7 data bits are enabled. Read-only bits. 

Transmitter Control/Status Register 

Bit: 8-15 

Description: Not used. Read as 0. 
Bit: 7 

Description: Transmit Ready. Set when XBUF is empty and can ac- 
cept another character for transmission. It is also set by INIT during 
the power-up sequence or during a reset instruction. Read-only bit. 

If Transmitter Interrupt Enable (bit 6) is set, the setting of Transmit 
Ready will start an interrupt sequence. 

Bit: 6 

Description: Transmit Interrupt Enable. Set under program control 
when it is desired to generate a transmitter interrupt request (when 
transmitter is ready to accept a character for transmission). 

The bit is cleared under program control, during power-up sequence, 
or reset instruction. Read/write bit. 
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Bit: 1-5 

Description: Not used. Read as 0. 
Bit: 0 

Description: Transmit Break. Set or reset under program control. 
When set, a continuous space level is transmitted. However, transmit 
done and transmit interrupt can still operate, allowing software timing 
of break. When not set, normal character transmission can occur. 

Cleared by BINIT. Read/write bit. 

Transmit Buffer 

Bit: 8-15 

Description: Not used. Read as 0. 
Bit: 0-7 

Description: Data bits. Contains seven or eight right-justified data 
bits. Loaded under program control for serial transmission. 



Interrupt Vectors 

Two interrupt vectors are provided for each of the four SLU channels 
(eight vectors total). The procedure for configuring the vectors is simi- 
lar to that used when configuring the base device register address; the 
configured base vector is the channel 0 receiver interrupt vector. Each 
interrupt vector references two word locations in memory (the 
Program Counter address and the Processor Status Word). Hence, 
sequential vectors appear in increments of four. 

The module is factory-configured with an interrupt vector base of 300. 
However, it is also configured for channel 3 operation as the console 
device; thus, channel 3 will automatically have interrupt vectors of 60 
and 64. The vector format is shown in Figure 6 and a summary of 
vector jumper configurations is provided in Table 5. Table 6 gives a list 
of the factory-configured vector assignments. 

Interrupt priority within the DLV11-J module is structured as follows: 

Interrupt Priority Requesting Function 

1 (highest) Channel 0, receiver 

2 Channel 1, receiver 

3 Channel 2, receiver 

4 Channel 3, receiver 

5 Channel 0, transmitter 

6 Channel 1 , transmitter 

7 Channel 2, transmitter 

8 (lowest) Channel 3, transmitter 
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06 05 W 03 



FACTORY CONFIGURED 
BASE INTERRUPT VECTOR 
ADDRESS c 300 

TWO WIRE WRAP 
POSTS ARE PROVIDED 
FOR EACH BIT. 
JUMPER IN = 1 
JUMPER OUT = 0 



THREE WIRE WRAP 
POSTS ARE PROVIDED 
FOR BIT V5. 
JUMPER X TO 1 = 1 
JUMPER X TO 0 = 0 WITH CONSOLE 
NO JUMPER = 0 WITHOUT CONSOLE 




■ " ' 

CHANNEL 0° RECEIVER 

REQUESTING INTERRUPT 

INTERRUPT |. TRANSMITTER 

(0-3) INTERRUPT 



RANGE 0-377g (040g NOT ALLOWED IN CONSOLE MODE) 



Figure 6 Interrupt Vector Format 



Table 5 Summary of Vector Jumper Configurations 



Label 



Logical 1 



Logical 0 



V7 
V6 
V5 



Jumper installed. 
Jumper Installed. 
Jumper installed from 
wire-wrap post X to 1 . 



Jumper removed. 
Jumper removed. 
Console not selected: 
jumper removed 
Console selected: 
jumper 

installed from wire-wrap 
post X to 0. 
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Table 6 Vector Assignments (with Console Selected) 
(Factory Configured) 



Standard Address 


Interrupt Vector 


300 [Module Base 




Vector (BV)] 


Channel 0, Receiver 


304 (BV+4) 


Channel 0, Transmitter 


310(BV+10) 


Channel 1 , Receiver 


314(BV+14) 


Channel 1, Transmitter 


320(BV+20) 


Channel 2, Receiver 


324 (BV+24) 


Channel 2, Transmitter 


60 


Channel 3, Receiver 


64 Console Selected 


Channel 3, Transmitter 



NOTES 

1 . Module is factory-configured for channel 3 as a console device. 

2. All addresses are in octal notation. 



Character Formats 

Each of the four channels may be independently configured for vari- 
ous character formats. When a character format is configured (by 
wire-wrap jumpers) for a channel, both the transmitter and receiver 
will use the same format. The character may contain: 

7 or 8 data bits 
1 or 2 stop bits 
Parity or no parity 
Even or odd parity 

Configuration instructions for determining the character formats of 
each channel are shown in Table 7. 

Baud Rates 

Each channel can be configured for baud rates ranging from 150 to 
38,400 bits per second. One baud rate clock input wire-wrap pin is 
provided for each channel (0 through 3). Both the transmitter and 
receiver for a given channel must operate at the same baud rate; split 
baud rate operation cannot be configured. Configure baud rates by 
connecting a jumper from the appropriate baud rate generator output 
wire-wrap pin to the clock input pin of the channel. One jumper is 
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required for each channel. When configuring the same baud rate for 
more than one channel, the wire-wrap pins may be daisy-chained. 
Table 8 lists the possible baud rates for each channel and their associ- 
ated labels. 

Table 7 Character Format Jumpers 



Channel Wire-wrap Connection Comments 
Label Parameter XtoO Xto1 



0 No. of data 
bits 


7 bits 


8 bits LSB trans- 
mitted first 


S No. of stop 
bits 


1 bit 


2 bits 


P Parity inhibit 


Parity gener- 
ation and 
detection 
enabled 


Parity bit 
deleted; 
parity error 
= 0 


E* Even parity 
enabled 


Odd parity 
expected 


Even parity Only when P 
expected = 0 


* Jumper must be installed to 0 or 1 even if no parity is selected. 


Table 8 Baud Rate Generator Outputs 


Wire-Wrap 
Pin Label 




Baud Rate 
(Bits/Second) 


U 




150 


T 




300 


V 




600 


W 




1,200 


Y 




2,400 


L 




4,800 


N 




9,600 


K 




19,200 


Z 




38,400 



When using the DLV11-KA option, 110 bits/sec operation is possible. 
A 110 baud rate clock generator circuit on the option will supply the 
DLV1 1-J module with the proper clock; no baud rate jumper is config- 
ured on the module for the desired channel. 
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Console Device Selection 

Channel 3 of the DLV1 1-J module may be independently dedicated for 
console device operation. To accomplish this, the console select 
jumpers must be properly configured. Table 9 gives channel 3 config- 
uration instructions. When configured for console operation, the de- 
vice addresses are 177560-177566 and the interrupt vectors are 60 
and 64. 

Table 9 Summary of Console Selection Jumper Configurations 



Label 


Console Selected 


Console Not Selected 


C1 


Install jumper from wire- 


Install jumper from wire- 




wrap pins X to 1. 


wrap pins X to 0. 


C2 


Install jumper from wire- 


Install jumper from wire- 




wrap pins X to 1. 


wrap pins X to 0. 



Break Response 

Channel 3 may be configured to either bootstrap, halt (console emula- 
tor mode), or have no response to a receive break condition. A boot- 
strap operation upon a receive break condition will cause the 
processor to execute the bootstrap program starting at the memory 
location defined by the power-up mode jumpers of the processor. A 
halt operation upon a receive break condition will cause the processor 
to halt and the console octal debugging technique (ODT) microcode to 
be invoked. Configuration instructions are given in Table 10. 

Table 1 0 Channel 3 Break Operation Jumper Summary 



Break 




Operation 




Response 


Jumper Connection 


Boot* 


Install jumper between wire-wraps X to B. 


Halt 


Install jumper between wire-wrap pins X to H. 


No Response 


No jumper installed. 



* Do not send continual breaks to a system so configured, as it will cause 
continued reinitializing of any device on the bus. 
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Peripheral Interface Configuration 

Each of the channels can be independently configured for serial line 
signal compatibility with EIA RS-423 (simultaneously RS-232C), RS- 
422, or 20 mA current loop devices. When using 20 mA current loop 
devices, the DLV11-KA option is required. Configuration instructions 
for each of the standards are listed in Table 11. Table 12 is used when 
configuring EIA RS-423 (RS-232C compatible) slew rates. Use this 
table in conjunction with Table 1 1 . 
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Summary of Serial Channel Signal Level 
Configurations 



Serial Channel 

Signal Level EIA RS-232C 20 mA Current Loop 

Modifiers EIARS-422 andRS-423 (Using DLV11-KA) 



N> 
-P>- 
cn 



MO-3 Jumper 



N0-3 Jumper 



Connect wire-wrap pins X Connect wire-wrap pins X Connect wire-wrap pins X 



and 2. 

Connect wire-wrap pins X 
and 2 



Termination Resistor (one Install a 1 00Q, 1 /4 W, non- 



per channel) 

Wave-Shaping Resistor 
(one per channel pair; 
channel pair 0 and 1 ; 2 
and 3) 



wire wound, fusible resis- 
tor. 



and 3. 

Connect wire-wrap pins X 
and 3. 



Install resistor from Table 
12 (1/4 W non-wire 
wound). 



and 3. 

Connect wire-wrap pins X 
and R for program-con- 
trolled paper tape reader. 



O 
< 



Fuse F1 



Install 2.0 A Pico fuse 
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Table 1 2 EIA RS-423 and RS-232C Slew Rate Resistor Values 



Baud Rate 


R10or R23 


38.4 K 


22 Kfi 




*»1 KO 
o i r\i£ 


9.6 K 


120 Kfi 


4.8 K 


200 Kfi 


2.4 K 


430 Kfi 


1.2 K 


820 Kfi 


600 


1 Mfi 


300 


1 Mfi 


150 


1 Mfi 


110 


1 Mfi 



Cabling 

Following are listed cables currently available that will mate with the 
2X5 pin Amp connector on the DLV11-J, as well as some pointers and 
part numbers for constructing a cable. 

DIGITAL cables for the DLV11-J: 



BC20N-05 



BC21B-05 



BC20M-50 



DLV11-KA 



5' EIA RS-232C null modem cable to direct- 
ly interface with an EIA RS-232C terminal 
(2X5 pin Amp female to RS-232C female; 
see Figure 8). 

5' EIA RS-232C modem cable to interface 
with modems and acoustic couplers (2X5 
pin Amp female to RS-232C male; see Fig- 
ure 7). 

50' EIA RS-422 or RS-423 cable for high- 
speed transmission (19.2K baud) between 
two DLV1 1-Js (2X5 pin Amp female to 2X5 
pin Amp female). 

20 mA current loop converter option for the 
DLV11-J. Comes with an EIA cable 
(BC21 A-03) which connects the DLV1 1-KB 
converter box to the DLV1 1-J. The option 
mates with standard DIGITAL 20 mA cab- 
ling using the 8-pin Mate-'N'-Lock connec- 
tor. 
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When designing a cable for the DLV11-J, here are several points to 
consider: 

1. The receivers on the DLV11-J have differential inputs. Therefore, 
when designing an RS-232C or RS-423 cable, RECEIVE DATA 
(pin 7 on the 2X5 pin Amp connector) must be tied to signal 
ground (pins 2, 5, or 9) in order to maintain proper EIA levels. RS- 
422 is balanced, and uses both RECEIVE DATA+ and RECEIVE 
DATA-. 

2. To directly connect to a local EIA RS-232C terminal, it is necessa- 
ry to use a null modem. To design the null modem into the cable, 
one must switch RECEIVE DATA (pin 2) with TRANSMITTED DA- 
TA (pin 3) on the RS-232C male connector as shown in Figure 8. 

3. To mate to the 2X5 pin connector block, the following parts are 
needed: 

Cable Receptacle AMP PN 87133-5 

DEC PN 12-14268-02 

Locking Clip Contacts AMP PN 87124-1 

DEC PN 12-14267-00 

Key Pin (pin 6) AMP PN 87179-1 

DEC PN 12-15418-00 

4. The pin out on the 2X5 pin connector block on the DLV1 1-J is as 
follows: 

Pin # Signal 

1 UART clock in or out 

(16 X baud rate; CMOS) 

2 Signal ground 

3 TRANSMIT DATA+ 

4 TRANSMIT DATA- 

Note: For EIA RS-423, this line is grounded. For DLV11-KA 20 mA 
option, this line is the reader enable pulse. 

5 Signal ground 

6 Indexing key— no pin 

7 RECEIVE DATA- 

8 RECEIVE DATA+ 

9 Signal ground 

10 When F1 is installed 

for the DLV11-KA, +12V 
is supplied through a 
fuse to this pin 
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o 


o 


o 


o 


o 


o 


o 


o 


o 


o 



CIRCUIT 
CARD 
PRINTED 



10 



8 



2X5 PIN CONNECTOR 
BLOCK (Viewed from 
Edge of Card) 



GRD )9n, 

RCV DATA^7>J U 



+12 VDC 

RCV DATA +>8> 
XMIT DATA +)3> 
GRD >2> 



DLV11-J Module 



EIA RS-232C 



<5<--, 

< 4 <-i 



75052 
1/2 W 



Connector Cable 



<3< 



<2< 



EIA 
RS 232C 
Connector 



Clear to Send (CB) 

Request to Send (CA) 

Data Set Ready (CC) 

Data Terminal Ready (CD) 

Received Data (BB) 

Transmitted Data (BA) 

Signal Ground (AB) 

Protective Ground (AA) 
Modem 



Figure 7 BC21 B-05 Modem Cable 
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PLVll-J 
XHT DATA + 

RCV DATA + 

RCV DATA - 
GRD 



Important: 

Attach to chassis 
at entry point. 




Figure 8 BC20N-05 "Null Modem" Cable 



PROGRAMMING 

The DLV1 1-J contains a bank of sixteen (16) contiguous registers that 
may be positioned from 160000 B to 177777 8 in address space by wire 
wrap jumpers. Four registers are provided for each of the four SLU 
channels. 

The format of these registers is shown in Figure 1 . 

Similarly, the DLV11-J has a bank of eight contiguous interrupt vec- 
tors that may be positioned in vector space from 000 8 to 377 8 by 
jumpers. Two vectors (receive and transmit) are provided for each of 
the four channels. 

NOTE 

One channel may be separately configured as the 
computer console device (177560-6 8 , vectors 60 and 
64) provided the module base address is 176500 8 , 
176540 8 or177500 8 . 

To software, the DLV11-J appears to be four independent serial line 
units similar to four single-channel DLV1 1s. 
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DLV11-KA EIA TO 20 MA CONVERTER 
GENERAL 

The DLV11-KA option consists of the DLV11-KB EIA-to-20 mA 
converter unit and a BC21A-03 EIA interface cable. This option is 
designed to allow 20 mA current loop capability to be added to a 
standard RS-232 EIA serial line unit interface module, such as the 
DLV11-J. The DLV1 1-KB is a small enclosed box with two connectors, 
one (2X5 pin Berg) for the EIA/TTL signals from the interface module 
and the other (standard DIGITAL 20 mA connector 8-pin Mate-N-Lok) 
for the 20 mA signals to 20 mA peripherals using standard DIGITAL 20 
mA cabling. 

FEATURES 

• EIA RS-232 to 20 mA converter (XMT data) 

• 20 mA to EIA RS-232 converter (RCVR data) 

• A program-controlled, one character at a time reader advance func- 
tion for DIGITAL-modified ASR-33 Teletypes 

• A 1 10 baud rate generator 

• Optical isolation 

• Choice of active or passive operation 

• Operates up to 9600 baud rate 

• Drive capability up to 4000 feet of cable 

• Teletype is a registered trademark of Teletype Corporation. 

SPECIFICATIONS 

Size: 1 3.3cm (5.25 in.) long 

11.4cm (4.5 in.) wide 
2.64cm (1.04 in.) high 

Power: + 1 2.0 Vdc ±5% at 0.275 A max 

20 mA Transmitter 

Switch is passive and optically isolated and goes to "mark" state when 
power is turned off (passive mode). 

Minimum Typical Maximum 

Open circuit voltage 8.0V - 40V 

(of circuit being driven) 

Voltage drop marking 0.5V - 2.0V 
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Spacing current 


0.4 mA 




1.8 mA 


Marking current 


20 mA 




80 mA 


Rise and fall time 


2/xs 


6 /tS 


10 MS 


Waveform distortion 


0 ms 


7 fiS 


15 MS 


Constant current sink 
(active mode) 


20 mA 


24 mA 


28 mA 


When the transmitter is active, the maximum cable loop resistance 
plus receiver equivalent resistance (at 20 mA) is 600 ohms. 


20 mA Receiver 

Receiver is passive and optically isolated. 








Minimum 


Typical 


Maximum 


Voltage drop marking 


0.4V 


1.35V 


2.4V 


Spacing current 


0.0 mA 




6 mA 


Marking current 


16 mA 




80 mA 


Waveform distortion 


Ofis 


7 us 


15 MS 


Constant current load 
(active mode) 


20 mA 


24 mA 


28 mA 


When the receiver is active, the maximum cable loop resistance plus 
transmitter equivalent resistance (at 20 mA) is 600 ohms. 



Temperature 

Storage temperature range: -40° C to 66° C (-40° F to 1 51 ° 

F) 

Before operating a module which 
is at a temperature beyond the 
operating range, that module 
must first be brought to an envi- 
ronment within the operating 
range and then allowed to stabil- 
ize for a reasonable length of time 
(five or more minutes, depending 
on air circulation). 

Operating temperature range: 5° C to 60° C (41° F to 140° F) 

Derate the maximum operating 
temperaure by 0.5° C (1 0 F) for 
each 1 000 feet of altitude above 
8000 feet. 
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Relative Humidity: 
Altitude: 



Environment: 



10% to 95%, noncondensing 

Up to 50,000 feet (90 mm mercury) 

Air must be noncaustic 



DESCRIPTION 

The DLV11-KA contains the following functional circuits (Figure 1): 
EIA-to-20 mA converter, 20 mA-to-EIA converter, reader run, 110 
baud rate generator, current sources and current sinks, a +5 Vdc 
generator and a -12 Vdc charge pump. These circuits are selected by 
the user to operate in a desired configuration. 

EIA-to-20 mA 

The circuit accepts a standard EIA RS-232 signal to an EIA receiver 
and then provides optical Isolation before it activates a passive 20 mA 
switch. When the EIA input is in the "mark" condition (less than -3V), 
the switch is on. When the EIA input is in the "space" condition (great- 
er than +3V), the switch is off. The user can select passive or active 
operation by using jumpers as described in the Configuration section. 
The current source is provided by a 180 ohm resistor connected to the 
+12 Vdc and the current sink is provided by a 24 mA current-limited 
load to -12 Vdc. 

20 mA-to-EIA 

The circuit receives a 20 mA signal in a passive 20 mA detector. The 
signal is optically isolated and then generates a standard EIA RS-232 
output. With the 20 mA current signal flowing into the 20 mA detector, 
the EIA output is in the "mark" state (less than -3V). With the 20 mA 
current off, the EIA output is in the "space" state (greater than +3 V). 
The current source is provided by a 180 ohm resistor connected to the 
+12 Vdc and the current sink is provided by a 24 mA current-limited 
load to -12 Vdc. When using this circuit with an ASR-33 Teletype, the 
user should install the noise suppression capacitor. 

Reader Run 

The reader run circuit receives a TTL pulse to set a flip-flop. This flip- 
flop enables the relay drive circuit that drives the reader run relay in a 
DIGITAL-modified ASR-33 Teletype. The Teletype reader will advance 
to the next character and initiate its transmission down the line. A 
delay circuit is used to reset the flip-flop in the middle of the start bit 
and therefore disable the reader run circuits. When the first character 
has been received, the flip-flop may again be set to advance to the 
next character for its transmission. When used with the DLV1 1-J inter- 
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face module, the circuit allows only one character to be transmitted by 
the Teletype each time a 1 is written into the reader enable bit of the 
RCS register. 

NOTE 

For proper operation of Teletype ASR-33 with 
DIGITAL-supplled paper tape software, the SLU 
should be configured for eight data bits, two stop 
bits, and no parity. The Teletype models can be 
LT33-DC, LT33-DD, LT33-DE, or an ASR-33 Tele- 
type with the LT33-MB modification kit installed. 

110 Baud Rate Generator 

A 614.4 kHz crystal oscillator frequency is divided by 352 (by 11 and 
32) to produce a 110 baud UART clock at 1760 Hz (16 X 110). This 
signal is sent back to the SLU module through the BC21 A-03 cable. 

+5 Vdc Generator 

The +5 Vdc voltage is generated by a zener diode that drops the +12 
Vdc power to +5 Vdc and is for internal use only. 

-12 Vdc Charge Pump 

The -12 Vdc charge pump uses the output of the 614.4 kHz crystal- 
controlled clock that is amplified and then rectified to produce the -12 
Vdc reference voltage. 
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Figure 1 DLV1 1 -KA Functional Block Diagram 
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CONFIGURATION 

The DLV11-KA requires the configuration of eleven jumper wire con- 
nections and one capacitor connection. The locations of these jump- 
ers are shown in Figure 2 and their functions are listed in Table 1 . 
Current Loop Definition 

In simplest terms, the current in a circuit loop which extends from the 
sender to the receiver is switched on and off to represent some partic- 
ular format for serial transmission of binary data. Besides the actual 
current path (wire), the following other three functions are required in 
every current loop: 

1. Current source 2. Switch 3. Current detector 

The switch has to be located in the transmitter, and the current 
detector has to be located in the receiver. However, the current source 
may be located in either the sender or receiver. The function that 
includes the current source is designated active and the one without it 
passive. Only one passive and one active function are allowed in a 
current loop: never two active or two passive functions (Figure 3). In 
order to minimize ground differential noise coupling into data leads, 
the transmitter and receiver at one end of the line should be either 
both active or both passive, not mixed. Also, it is usually better to 
configure the computer (master computer) as active and the terminal 
(slave computer) as passive. 

110 Baud Rate Generator 

This circuit provides a 16 X 110 (1760 Hz), TTL level, crystal-controlled 
clock to be sent back to the serial line unit module in order to add 110 
baud rate capability to the module. A solderable jumper (W1 1) is pro- 
vided in order to select or deselect this function. 




o — oc 




J1 



NOTE: 

THE NUMBER 2 INDICATES THAT 
IT IS THE W2 JUMPER WIRE. 



Figure 2 DLV1 1 -KA Jumper Locations 
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Table 1 DLV11-KA Jumper Configurations 

Function Jumper in Jumper Out 

Passive 20 m A Receiver W7.W9 W6.W8.W10 

Active 20 m A Receiver* W6, W8, W1 0 W7, W9 

Passive 20 mA Transmitter W2, W4 W1 , V '3, W5 

Active 20 mA Transmitter* W1 , W3, W5 W2, W4 

110 Baud Enabled* W11 

110 Baud Disabled - W11 
Noise Suppression 

* Factory configuration. 
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Figure 3 Standard Current Loop Interface 
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Noise Suppression Capacitor 

The DLV11-KA can be used with a DIGITAL-modified ASR-33 Teletype 
and requires the user to install a 0.047 /*F capacitor for noise suppres- 
sion. This capacitor is installed across the position designated "C" as 
shown in Figure 2. 

Installation 

The DLV11-KA option can be installed in a system that requires con- 
version from EIA RS-232 standard to a 20 mA current loop. The 
DLV11-KA option consists of a DLV11-KB converter box and a 
BC21 A-03 interface cable as shown in Figure 4. The BC21 A-03 is a 0.9 
m (3 ft.) cable that interconnects the DLV1 1-KB to a EIA SLU interface 
module. The smaller connector (2X5 pin) connects to the SLU mod- 
ule and the larger connector (2X7 pin) connects to the DLV11-KB 
box. Keying is provided on both connectors, and cable retention is 
provided by locking pins on the SLU connector. To disengage, pull 
back on the connector shell and the connector will slide free. However, 
if the cable is pulled, the locking pins will hold the connector firmly in 
place. A BC05F-XX cable can be used to connect the DLV11-KB 
converter box to DIGITAL 20 mA terminals including the DIGITAL- 
modified ASR-33 Teletype. External mounting dimensions for the 
DLV11-KB box are shown in Figure 5. 

Cabling 

Cables other than the DIGITAL BC05F-XX can be used when installing 
the DLV11-KA option. However, any other cable must conform to the 
following parameters in order to meet the baud rate versus cable 
length specification described in Table 2. 

1. Resistance— not more than 30 ohms/1000 ft. (not less than 22 
AWG) 

2. Capacitance to ground— not more than 50 pF/ft. 

3. Capacitance wire-to-wire— not more than 35 pF/ft. 

The BC05F-XX cable meets the above requirements. If the user de- 
sires to use shielded cable, the shield should be grounded to the 
chassis at entry point and not to the DLV11-KB converter box. The 
user can fabricate custom cables for the 20 mA interface by using 
DIGITAL connectors and pins. 

Baud Rate 

The DLV11-KA option will operate up to a maximum of 9600 baud, 
provided that the interface module can accommodate these rates. 
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However, the maximum operational baud rate is also limited by the 
length of cable. Table 2 provides maximum recommended cable 
lengths for the specific baud rates. These recommendations are con- 
servative and will yield satisfactory operation for almost all applica- 
tions. Exceeding these guidelines should be done only after reviewing 
the DLV11-KA specifications, the severity of the operating environ- 
ment, and the error rate that can be tolerated. 
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Figure 4 DLV1 1-KA Typical Installation 
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Figure 5 DLV11-KA Mounting Dimensions 



Table 2 Baud Rate vs. Cable Length 

Baud Rate Max Cable Length 

9600 30 m (100 ft.) 

4800 76 m (250 ft.) 

2400 152 m (500 ft.) 

1200 305 m (1000 ft.) 

600 610 m (2000 ft.) 

300 1220 m (4000 ft.) 

110 1220 m (4000 ft.) 
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DRV11 PARALLEL LINE UNIT 
GENERAL 

The DRV1 1 is a general-purpose interface unit used for connecting 
parallel line TTL or DTL devices to the LSI-1 1 bus over up to 7.6 m (25 
ft) of cable. It permits program-controlled data transfers at rates up to 
40K words per second and provides LSI-1 1 bus interface and control 
logic for interrupt processing and vector generation. Data is handled 
by 16 diode-clamped input lines and 16 latched output lines. The 
device address is user-assigned and control/status registers (CSR) 
and data registers are compatible with PDP-1 1 software routines. 

FEATURES 

• 16 diode-clamped data input lines 

• 16 latched output lines 

• 16-bit word or 8-bit byte programmed data transfers 

• User-assigned device address decoding 

• LSI-1 1 bus interface and control logic for interrupt processing and 
vector generation 

• Interrupt priority determined by electrical position along the LSI-1 1 
bus 

• Control/status registers (CSR) and data registers that are compati- 
ble with PDP-1 1 software routines 

• Four control lines to the peripheral device for NEW DATA RDY, 
DATA TRANS, REQ A, and REQ B 

• Logic-compatible with TTL and DTL devices 

• Program-controlled data transfer rate of 40K words per second 
(maximum) 

SPECIFICATIONS 

Identification M7941 

Size Double 

Power 5.0 Vdc ±5% at 0.9 A 

Bus Loads 

AC 1.4 

DC 1.0 

DESCRIPTION 
General 

Major functions contained on the DRV11 module are shown in Figure 
1 . Communications between the processor and the DRV1 1 are execut- 
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ed via programmed I/O operations or interrupt-driven routines. 
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Figure 1 DRV1 1 Parallel Line Unit 



The DRV11 is capable of storing one 16-bit output word or two 8-bit 
output bytes in DROUTBUF. The stored data (OUTO-15 H) is routed to 
the user's device via an optional I/O cable connected to J1. Any pro- 
grammed operation that loads a byte or a word in DROUTBUF causes 
a NEW DATA RDY H signal to be generated, informing the user's 
device of the operation. 

Input data (DRINBUF) is gated onto the BDAL bus during a DATI bus 
cycle. All 16 bits are placed on the bus simultaneously; however, when 
the processor is involved in an 8-bit byte operation, it uses only the 
high or low byte. When the data is taken by the processor, a DATA 
TRANS H pulse is sent to the user's device to inform the device of the 
transfer. 



Addressing 

When addressing a peripheral device interface such as the DRV1 1, the 
processor places an address on BDALO-15 L, which is received and 
distributed as BRDO-15 H in the DRV11. The address is in the upper 
4K (28-32K) address space. On the leading edge of BSYNC L, the 
address decoder decodes the address selected by jumpers A3-A12 
and sets the device selected flip-flop (not shown); the active flip-flop 
output is the ME signal, which enables function selection and I/O 
control logic operation. At the same time, function selection logic 
stores address bits BRDO-2. 
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NOTE 

When addressed, the DRV1 1 always responds to ei- 
ther BDIN L or BDOUT L by asserting BRPLY L (L = 
assertion). 

Function Selection 

Function selection and I/O control logic monitors the ME signal and 
bus signals BDIN L, BDOUT L, and BWTBT L. It responds by generat- 
ing appropriate select signals which control internal data gating. NEW 
DATA RDY H or DATA TRANS H output signals for the user's device, 
and the BRPLY L bus signal which informs the processor that the 
DRV1 1 has responded to the programmed I/O operation. Since the 
DRV1 1 appears to the processor as three addressable registers 
(DRCSR, DROUTBUF, and DRINBUF) that can be involved in either 
word or byte transfers, the three low-order address bits stored during 
the addressing portion of the bus cycle are used for function selection. 
The select signals relative to I/O bus control signals and address bits 
0-2 are listed in Table 1. 

Function selection is performed by a ROM located at E15 on the 
DRV11. The inputs to this ROM consist of the address bits and other 
LSI-1 1 bus signals as shown at the top of Table 1 . This table shows the 
functions performed by the ROM outputs for a specific input condition. 
For example, when the output buffer is addressed by the processor, 
the last octal digit is decoded by the ROM to provide the SEL2IN L and 
the RPLY L signals. The RPLY L signal Is delayed and becomes the 
BRPLY L signal. The SEL2IN L signal is used by the DRV11 logic to 
enable the contents of the output buffer register to be placed on the 
data lines of the LSI-1 1 bus so that the processor can read the data. 

NEW DATA READY H is active for the duration of BDOUT L when in a 
DROUTBUF write operation. This signal is normally active for 350 ns. 
However, by adding an optional capacitor in the BRPLY L portion of 
the circuit, the leading edge of BRPLY is delayed, effectively increas- 
ing the duration of the NEW DATA RDY H pulse; adding the capacitor 
also increases the DATA TRANS H pulse width by approximately the 
same amount. 

DATA TRANS H is active for the duration of BDIN L when in a DRIN- 
BUF read operation. This signal is normally active for 1150 ns. The 
time, however, can be extended by adding the optional capacitor to 
the BRPLY L portion of the circuit as previously described. 
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Table 1 DRV1 1 Device Function Decoding 
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Read Data Multiplexer 

The read data multiplexer selects the proper data and places them on 
the BDAL bus when the processor inputs DRCSR, DROUTBUF or in- 
terrupt vectors; DRINBUF contents are gated onto the bus separately. 
The select signals (previously described) and VECTOR H, produced 
by the interrupt logic, control read data selection. 

DRCSR Functions 

The control/status register (DRCSR) has separate functions. Four of 
the six significant DRCSR bits can be involved in either write or read 
operations. The remaining two bits, 7 and 15, are read-only bits that 
are controlled by the external device via the REQ A H and REQ B H 
signals, respectively. The four read/write bits are stored in the 4-bit 
CSR latch. They represent CSRO and CSR1 (DRCSR bits 0 and 1, 
respectively), which can be used to simulate interrupt requests when 
used with an optional maintenance cable. INT ENB A and INT ENB B 
(bits 6 and 5, respectively) enable interrupt logic operation. Note that 
CSRO and CSR1 are available to the user's device for any user appli- 
cation. 

DRINBUF Input Data Transfer 

DRINBUF is an addressable 16-bit read-only register that receives 
data from the user's device for transmission to the LSI-1 1 bus. Data to 
be read are provided by the user's device on the INO-15 H signal lines. 
Since the input buffer consists of gating logic rather than a flip-slop 
register, the user's device must hold the data on the lines until the data 
input transaction has been completed. 

The input data are read during a DATI sequence while bus drivers are 
enabled by the SEL4IN L signal. The DATA TRANS pulse that is sent to 
the user's device by the function select logic informs the device of the 
transaction. Input data can be removed on the trailing edge of this 
pulse. 

DROUTBUF Output Data Transfer 

DROUTBUF comprises two 8-bit latches, enabling either 16-bit word 
or 8-bit byte output transfers. Two SEL2 signals function as clock 
signals for the latches. When in a DATO bus cycle, both signals clock 
data from the internal BRDO-15 H bus into the latches. However, when 
in a DATOB cycle, only one signal clocks data into an 8-bit latch, as 
determined by address bit 0 previously stored during the addressing 
portion of the bus cycle. 
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The NEW DATA RDY H pulse generated by the function select logic is 
sent to the user's device to inform the device of the data transaction. 
The data can be input to the device on the trailing edge of this pulse. 

Interrupts 

The DRV1 1 contains LSI-1 1 bus-compatible interrupt logic that allows 
the user's device to generate interrupt requests. Two independent 
interrupt request signals (REQ A H and REQ B H) are capable of 
requesting processor service via separate interrupt vectors. In 
addition, DRCSR contains two interrupt enable bits (INT EN A and INT 
EN B, bits 6 and 5, respectively), which independently enable or dis- 
able interrupt requests. REQ A and REQ B status can be read by the 
processor in DRCSR bits 7 and 15, respectively. Since separate inter- 
rupt vectors are provided for each request, one of the requests could 
be used to imply that device data is ready for input and the remaining 
request could be used to imply that the device is ready to accept new 
data. 

An interrupt sequence is generated when a DRCSR INT EN bit (A or B) 
is set and its respective REQ signal is asserted by the device. The 
processor responds (if its PS bit 7 is not set) by asserting BDIN L; this 
enables the device requesting the interrupt to place its vector on the 
BDAL bus when the interrupt request is acknowledged. The processor 
then asserts BIAKO L, acknowledging the interrupt request. The 
DRV11 receives BIAKI L and the interrupt logic generates VECTOR H, 
which gates the jumper-addressed vector information through the 
read data multiplexer and bus drivers and onto the LSI-1 1 bus. The 
processor then proceeds to service the interrupt request. 

Maintenance Mode 

The maintenance mode allows the user to check DRV1 1 operation by 
installing an optional BC08R cable between connectors J1 and J2. 
This maintenance cable allows the contents of the output buffer 
DROUTBUF to be read during a DRINBUF DATI bus cycle. In addition, 
interrupts can be simulated by using DRCSR bits CSRO and CSR1. 
CSR1 is routed via the cable directly to rhe REQ B H input and CSRO is 
routed to the REQ A H input. By setting or clearing INT EN A, INT EN B, 
and CSRO and CSR1 bits in the DRCSR register, a maintenance pro- 
gram can test the interrupt facility. 

Initialization 

BINIT L is received by. a bus driver, inverted, and distributed to DRV11 
logic to initialize the device interface. The buffered initialize signal is 
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available to the user's device via the AINIT H and BINIT H signal lines. 
DRV11 logic functions cleared by the BINIT signal include DROUT- 
BUF, DRCSR (bits 0, 1, 5, and 6), and interrupt logic. 

CONFIGURATION 

The following paragraphs describe how the user can configure the 
module by inserting or removing jumpers (Figure 2) so that it will 
function within his system. The jumpers, listed in Table 2, indicate the 
factory configuration when shipped. 





r 



VECTOR JUMPERS 



V5 



V3 



l_ 



'II 



ADDRESS JUMPERS 



1 



SL1 . , SL2 
O ;p---0 




_l 



OPTIONAL EXTERNAL 
CAPACITOR 



J1 



M7941 ETCH REV C 



Figure 2 DRV1 1 Jumper Locations 
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Table 2 DRV1 1 PLU Factory Jumper Configuration 



Jumper Jumper 

Designation State Function Implemented 



A3 R This arrangement of jumpers A3 through 

A4 R A12 assigns the device address 16777X 

A5 R to the PLU. This address is the starting 

A6 R address of a reserved block in memory 

A7 R bank 7 which is recommeded for user 

A8 R device address assignments. The least 

A9 R significant digit X is hardwired on the 

A1 0 R module to implement the three PLU de- 

A1 1 R vice addresses as follows: 

A12 ' X = 0 DRCSR address 

X = 2 Output buffer address 
X = 4 Input buffer address 

V3 I This factory-installed jumper configura- 

V4 I tion implements the two interrupt vector 

V5 I addresses 300 and 304 for use as de- 

V6 R fined by application requirements. 

V7 R 



* R = Removed, I = Installed 



Device Address 

Addresses for the DRV11 can range from 16000X through 17777X. 
The three least significant bits are predetermined for the other DRV11 
registers as shown in Table 3 and Figure 3. Addresses within 177560 
to 177566 are reserved for the console device and should not be used 
for the DRV11. 
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Table 3 Standard Asslgnements 
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Figure 3 DRV11 Device Address Selection 



Jumpers for bits 3 through 12 are installed or removed to produce the 
16-bit address word shown in Figure 3. The appropriate jumpers are 
removed to produce logical 1 bits, and installed to produce logical 0 
bits. 



Vectors 

The two vectors are selected within the range of 000 to 374 by using 
jumpers V3 to V7. Vector bits 3 through 7 are selected by the user to 
form the vector as described in Figure 4. The factory configuration 
sets the interrupt vector for 300 as shown in Table 3 and Figure 4. 
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Figure 4 ORV1 1 1nterrupt Vector 



Registers 

The word format for the control and status register (DRCSR) is shown 
in Figure 5 and described in Table 4. 
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Figure 5 DRCSR Word Format 



Table 4 DRCSR Word Formats 



Bit: 15 Name: Request B. 

Function: This bit is under control of the user's device and may be 
used to initiate an interrupt sequence or to generate a flag that may be 
tested by the program. 

When used as an interrupt request, it is asserted by the external de- 
vice and initiates an interrupt provided the INT ENB B bit (bit 5) is also 
set. When used as a flag, this bit can be read by the program to 
monitor external device status. 

When the maintenance cable is used, the state of this bit is dependent 
on the state of CSR1 (bit 1). This permits checking interface operation 
by loading a 0 or 1 into CSR1 and then verifying that Request B is the 
same value. 

Read-only bit. Cleared by INIT when in maintenance mode. 
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Bit: 14-8 Name: Not used. 
Function: Read as 0. 

Bit: 7 Name: Request A. 

Function: Performs the same function as Request B (bit 15) except 
that an interrupt is generated only if INT ENB A (bit 6) is also set. 

When the maintenance cable is used, the state of Request A is identi- 
cal to that of CSRO (bit 0). 

Read-only bit. Cleared by INIT when in maintenance mode. 
Bit: 6 Name: INT ENB A. 

Function: Interrupt enable bit. When set, allows an interrupt request 
to be generated, provided Request A (bit 7) becomes set. 

Bit: 5 Name: INT ENB B. 

Function: Interrupt enable bit. When set, allows an interrupt se- 
quence to be initiated, provided Request B (bit 15) becomes set. 

Bit: 4-2 Name: Not used. 
Function: Read as 0. 

Bit: 1 Name: CSR1. 

Function: This bit can be loaded or read (under program control) 
and can be used for a user-defined command to the device (appears 
only on connector number 1 ). 

When the maintenance cable is used, setting or clearing this it causes 
an identical state in bit 15 (request B). This permits checking operation 
of bit 15 which cannot be loaded by the program. 

Can be loaded or read by the program (read/write bit). Cleared by 
INIT. 

Bit: 0 Name: CSRO. 

Function: Performs the same functions as CSR1 (bit 1) but appears 
only on connector number 2. 

When the maintenance cable is used, the state of this bit controls the 
state of bit 7 (Request A). 

Read/write bit; cleared by INIT 
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The word format for the transmit output buffer (DROUTBUF) is shown 
in Figure 6 and defined in Table 5. 



DATA OUT 
(READ/WRITE) 



Figure 6 DROUTBUF Word Format 



Table 5 DROUTBUF Word Format 



Bit: 15-0 Name: Output Data Buffer. 

Function: Contains a full 16-bit word or one or two 8-bit bytes; high 
byte = 15-8; low byte = 7-0. 

Loading is accomplished under a program-controlled DATO or DA- 
TOB bus cycle. It can be read under a program-controlled DATI cycle. 

The word format for the receiver input buffer (DRINBUF) is shown in 
Figure 7 and defined in Table 6. 



J I I I I I I I I I 



Figure 7 DRINBUF Word Format 



Table 6 DRINBUF Word Format 



Bit: 15-0 Name: Input Data Buffer. 

Function: Contains a full 16-bit word or one or two 8-bits bytes. The 
entire 16-bit word is read under a program-controlled DATI bus cycle. 
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Installation 

Prior to installing the DRV11 on the backplane, first establish the 
desired priority level for the backplane slot installaton. Check that 
proper device address vector jumpers are installed. The DRV11 can 
then be installed on the backplane. Connection to the user's device is 
via optional cables. 

Interfacing to the User's Device 

Interfacing the DRV1 1 to the user's device is via the two board-mount- 
ed H854 40-pin male connectors. Pins are located as shown in Figure 
8. Signal pin assignments for input interface J2 (connector number 2) 
and output interface J1 (connector number 1) are listed in Table 7. 
Optional cables and connectors for use with the DRV1 1 include: 

BC08R-01— Maintenance cable; 40-conductor flat with H856 connec- 
tors on each end. 

BC07D-X*— Signal cable; two 20-conductor ribbon cables with a sin- 
gle H856 connector on one end; remaining end is terminated by the 
user. Available in lengths of 3, 4.6, and 7.6 m (10, 15, and 25 ft). 

* The -X in the cable number denotes length in feet, -10, -12, -20. For example, 
a 10-ft BC07D cable would be ordered as BC07D-10. 

BC04Z-X*— Flat 40-conductor signal cable with a single H856 connec- 
tor on one end; remaining end is terminated by the user. Available in 
lengths of 3, 4.6, and 7.6 m (10, 15, and 25 ft). 

BCV11-X*— Flat, 40-conductor, twisted pair cable with a single H856 
connector on one end. The remaining end is connected by the user. 
Available in lengths of 1.5, 3, 4.6, 6.1, and 7.6 m (5, 10, 15, 20, and 25 
ft). 

H856— Socket, 40-pin female, for user-fabricated cables. 

When using the BC07D cable, connect the free end of the ribbon 
cables using the wiring data contained in Table 8. 
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HB94 

CONNECTOR 




Figure 8 J1 or J2 Connector Pin Locations 

* The -X in the cable number denotes length In feet, -10, -12, -20. For example, 
a 10-ft BC07D cable would be ordered as BC07D-10. 
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Table 7 DRV1 1 1nput and Output Signal Pins 
Inputs Outputs 



Signal 


Connector Pin 


Signal 


Connector Pin 


INOO 


J2 


TT 


OUT00 


J 1 


c 


IN01 


J2 


LL 


OUT01 


J1 


K 


IN02 


J2 


H, E 


OUT02 


J1 


NN 


IN03 


J2 


BB 


OUT03 


J1 


U 


IN04 


J2 


KK 


OUT04 


J1 


L 


IN05 


J2 


HH 


OUT05 


J1 


N 


IN06 


J2 


EE 


OUT06 


J1 


R 


IN07 


in 

J2 


CC 


OUT07 


J1 


T 


IN08 


in 

J2 


Z 


OUT08 


Jl 


tAf 

w 


IN09 


J2 


Y 


OUT09 


J1 


X 


IN10 


J2 


W 


OUT10 


J1 


z 


IN11 


J2 


V 


OUT11 


J1 


AA 


IN12 


J2 


U 


OUT12 


J1 


BB 


IN13 


J? 


P 


OUT13 


J1 


re 

I i 


IN14 


J2 


N 


OUT14 


J1 


HH 


IN15 


J2 


M 


OUT15 


J1 


JJ 


REQB 


J2 


S 


REQA 


J1 


LL 


DATA 


J2 


C 


NEW DATA 


J1 


VV 


TRANS 






RDY 






CSRO 


J2 


K 


CSR1 


J1 


DD 


INIT 


J2 


RR.NN 


INIT 


J1 


P 




Table 3 


BC07D Signal Cable Connections 




Cable 1 (connector pins B-VV) 


Cable 2 (connector pins A-UU) 


Wire 




J1 


J2 


J1 


J2 


Color 


Pins 


Signal 


Signal Pins Signal 


Signal 


blk 


B 


open 


open A 


open 


open 


brn 


D 


open 


open C 


OUT00 DATA 












TRANS 


red 


F 


open 


open E 


open 


IN02 
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Table 8 BC07D Signal Cable Connections (Cont) 



Cable 1 (connector pins B-VV) Cable 2 (connector pins A-UU) 
Wire J1 J2 J1 J2 

Color Pins Signal Signal Pins Signal Signal 



orn 


J 


GND 


GND 


H 


open 


IN02 


yel 


L 


OUT04 


GND 


K 


OUT01 


CSRO 


grn 


N 


OUT05 


IN14 


M 


GND 


IN15 


blu 


R 


OUT06 


GND 


P 


INIT 


IN13 


vio 


T 


OUT07 


GND 


S 


GND 


REQB 


gry 


V 


GND 


IN11 


U 


OUT03 


IN12 


wht 


X 


OUT09 


GND 


W 


OUT08 


IN10 


blk 


z 


OUT10 


IN08 


Y 


GND 


IN09 


brn 


BB 


OUT12 


IN03 


AA 


OUT11 


GND 


red 


DD 


CSR1 


GND 


CC 


GND 


IN07 


orn 


FF 


OUT13 


open 


EE 


GND 


IN06 


yel 


JJ 


OUT15 


GND 


HH 


OUT14 


IN05 


grn 


LL 


REQA 


IN01 


KK 


GND 


IN04 


blu 


NN 


OUT02 


INIT 


MM 


GND 


GND 


vio 


RR 


OUT02 


INIT 


PP 


GND 


GND 


gry 


TT 


open 


INOO 


SS 


GND 


GND 


wht 


VV 


NEW 
DATA 
RDY 


open 


UU 


GND 


GND 
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Table 9 BC08R Maintenance Cable Signal Connection 



J2 J1 
Pin Name Pin Name 



vv 


OPEN 


A 


OPEN 


uu 


GND 


B 


OPEN 


TT 


INOO 


C 


OUT00 


SS 


GND 


D 


OPEN 


RR 


INITH 


E 


OPEN 


PP 


GND 


F 


OPEN 


NN 


INIT 


HH 


OPEN 


MM 


GND 


J 


GND 


LL 


IN01 


K 


OUT01 


KK 


IN04 


L 


OUT04 


JJ 


GND 


M 


GND 


HH 


IN05 


N 


OUT05 


FF 


OPEN 


P 


INITH 


EE 


IN06 


R 


OUT06 


DD 


GND 


S 


GND 


CC 


IN07 


T 


OUT07 


BB 


IN03 


U 


OUT03 


AA 


GND 


V 


GND 


Z 


IN08 


w 


OUT08 


Y 


IN09 


X 


OUT09 


X 


GND 


Y 


GND 


W 


IN10 


z 


OUT10 


V 


IN1 1 


AA 


OUT11 


u 


IN12 


BB 


OUT12 


T 


GND 


CC 


GND 


s 


REQB 


DD 


CSR1 


R 


GND 


EE 


GND 


P 


IN13 


FF 


OUT13 


N 


IN14 


HH 


OUT14 


M 


IN15 


JJ 


OUT15 


L 


GND 


KK 


GND 


K 


CSRO 


LL 


REQA 


J 


GND 


MM 


GND 
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Table 9 BC08R Maintenance Cable Signal Connection (Cont) 





J2 




J1 


Pin 


Name 


Pin 


Name 


H 


IN02 


NN 


OUT02 


F 


OPEN 


PP 


GND 


E 


IN02 


RR 


OUT02 


D 


OPEN 


SS 


GND 


C 


DATA TRANS 


TT 


OPEN 


B 


OPEN 


UU 


GND 


A 


OPEN 


VV 


NEW DATA RDY 



Output Data Interface 

The output interface is the 16-bit buffer (DROUTBUF). It can be either 
loaded or read under program control. When loaded by a DATO or 
DATOB bus cycle, the NEW DATA RDY H pulse is generated to inform 
the user's device of the data transfer. The trailing edge of this positive- 
going pulse should be used to strobe the data into the user's device in 
order to allow data to settle on the interface cable. The system initialize 
signal (BINIT L) will clear DROUTBUF. 

All output signals are TTL levels capable of driving eight unit loads 
except for the following: 

New Data Ready = 10 unit loads 

Data Transmitted = 30 unit loads 

INIT (Initialize) = 10 units per connector 

Input Data Interface 

The input interface is the 16-bit DRINBUF read-only register, made up 
of gated bus drivers that transfer data from the user's device onto the 
LSI-11 bus under program control. DRINBUF is not capable of storing 
data; hence the user must keep Input data on the IN lines until read by 
the processor. When read, the DRV1 1 generates a positive-going DA- 
TA TRANS H pulse which informs the user's device that the data has 
been accepted. The trailing edge of the pulse indicates that the input 
transfer has been completed. 

All input signals are one standard TTL unit load; inputs are protected 
by diode clamps to ground and +5 V. 
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Request Flags 

Two signal lines (REQ A H and REQ B H) can be asserted by the user's 
device as flags in the DRCSR word. REQ B is available via connector 
number 2, and it can be read in DRCSR bit 15. REQ A is available via 
connector number 1, and it can be read in DRCSR bit 7. Two DRCSR 
interrupt enable bits, INT ENB A (bit 6) and INT ENB B (bit 5), allow 
automatic generation of an interrupt request when their respective 
REQ A or REQ B signals are asserted. Interrupt enable bits can be set 
or reset under program control. 

In a typical application, REQ A and REQ B are generated by request 
flip-flops in the user's device. The user's request flip-flop must be set 
when servicing is required and must be cleared by the trailing edge of 
NEW DATA RDY or DATA TRANS when the appropriate data transac- 
tion has been completed. 

This timing is shown in Figure 9. The logic required by the user to 
implement this is shown in Figure 10. The logic consists of a flip-flop 
that is set by the User Request pulse, which indicates that the user's 
device is requesting a transfer. The flip-flop is reset by the trailing 
edge of the NEW DATA RDY signal or the DATA TRANS signal. 



<OUT0B: 0UT1S> ore set/resel 
by the DRV It under control of 
the 11/03 



_<doto»l> 
<doto°e> 



NEW DATA READY 



WRITE DATA TO BUFFER - 



1 — TRAILING EDGE. DATA STABLE 



REQUEST A 

Set by user when ready for new data 
from 11/03; reset by user upon 
trailing edge of NEW DATA READY 



< bit 6> Interrupt Enable A 

Set by user to allow interrupt- driven 

data transfer. 



J 



< bit 7> Request A Hag 

Indicates state of REQUEST A line. 



Figure 9 DRV1 1 1nterface Signal Sequence 
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NEW DATA RDY 



■USER REQUEST A* 



D 1 

7474 
C 0 



D C 



XT 




DATA TRANS H 



-USER REQUEST B* 



D 1 
7474 

C 0 

— o — 



D C 




•SEE NOTE IN TEXT 



Figure 10 User Request Logic 
NOTE 

The User Request signal must return to the "high" 
state prior to the occurrence of the trailing edge of 
NEW DATA RDY or DATA TRANS. The leading edge 
of NEW DATA RDY or DATA TRANS can be used for 
this purpose. In most applications, a pulse on the 
User Request Line of less than 10 is adequate. 
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Initialization 

The BINIT L processor-generated initialize signal is applied to DRV11 
circuits for interface logic initialization. It is also available to the user's 
circuits via connectors J1 and J2 as follows: 



Connector/Pin Signal 

J1/P AINITH 

J2/RR BINIT H 

J2/NN BINIT H 



An active BINIT L signal will clear DROUTBUF data, DRCSR bits 6, 5, 1, 
0, bits 16 and 7 (when the maintenance cable is connected), and 
interrupt request and interrupt acknowledge flip-flops. 

NEW DATA RDY and DATA TRANS Pulse Width Modification 

An optional capacitor can be added by the user to the DRV1 1 module 
to extend the pulse width of both the NEW DATA RDY and DATA 
TRANS pulse widths. The capacitor can be added in the location 
shown in Figure 2 to produce the approximate pulse widths listed 
below. 

Optional External Approximate Pulse Width (ns) 



Capacitance (F) 


NEW DATA RDY 


DATA TRANS 


None 


350 


1150 


0.0047 


750 


1550 


0.01 


1550 


2400 


0.02 


2330 


3200 


0.03 


3150 


3900 



BC08R Maintenance Cable 

When using the optional BC08R maintenance cable, the connections 
listed in Table 9 are provided. Cable connectors P1 and P2 are con- 
nected to DRV11 connectors J1 and J2, respectively. Note that CSR0 
(J2-K), which can be set or reset under program control, is routed to 
the REQ A input (J1-LL); similarly, CSR1 (J1-DD) is routed to REQ B 
(J2-S). Hence, a maintenance program can output data to DROUTBUF 
and read the same data via the cable and DRINBUF. DRCSR bits 0 
(CSR0) and 1 (CSR1) can be used to simulate REQ A and REQ B 
signals, respectively. If the appropriate INT ENB bit (DRCSR bits 5 or 
6) is set, the simulated signal will generate an interrupt request. Note 
that the BC08R cable must incorporate a half-twist when connected to 
J1 and J2. 
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DRV11-B DMA INTERFACE 



GENERAL 

The DRV1 1-B is a general purpose direct memory access (DMA) inter- 
face used to transfer data directly between tthe LSI-1 1 system memo- 
ry and an I/O device. The interface is programmed by the processor to 
move variable length blocks of 8- or 16-bit data words to or from 
specified locations in memory by means of the LSI-1 1 bus. Once pro- 
grammed, no processor intervention is required. The DRV11-B can 
transfer up to 250K 16-bit words per second in single cycle mode and 
up to 500K 16-bit words per second in burst mode. The control struc- 
ture also allows read-modify-restore operations. 

FEATURES 

• Buffered input/output data 

• Data transfer rate of up to 500K 16-bit words per second 

• Tranfer of up to 32K 16-bit words 

• Compatible with LSI-1 1 bus 

• 16-bit CSR available for control and status functions 

• Two 40-pin I/O connectors mounted on module for interface with 
user's hardware 

• Switch-selectable device address and interrupt vector 



SPECIFICATIONS 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 



M7950 
Quad 

+5 Vdc ±5% at 1.9 A 

3.3 
1 



DESCRIPTION 
General 

Basic functions that make up the DRV1 1-A are shown in Figure 9. The 
following paragraphs describe the DRV11-B registers, the bus opera- 
tions required for DMA transfers and the DMA transfer timing. 
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DRV11-B Registers 

The DRV1 1-B contains five registers: 

Word Count Register (WCR) 
Bus Address Register (BAR) 
Control/Status Register (CSR) 
Output Data Buffer Register (ODBR) 
Input Data Buffer Register (IDBR) 

Word Count Register (WCR) — The WCR is a 16-bit read/write regis- 
ter that controls the number of transfers. This register is loaded (under 
program control) with the 2's complement of the number of words to 
be transferred. At the end of each transfer, the word count register is 
incremented. When the contents of the WCR are incremented to zero, 
transfers are terminated. READY is set, and if enabled, an interrupt is 
requested. The WCR is word-addressable only. 

Bus Address Register (BAR) — The BAR is a 15-bit read/write regis- 
ter. This register is loaded (under program control) with a bus address 
(not including the address bit 0) which specifies the location to or from 
which data is to be transferred. The BAR is incremented acros 32K 
memory boundaries via the extended address feature of the DRV1 1-B. 
Systems with only 16 address bits will "wrap-around" to location zero 
when the extended address bits are incremented. The BAR is word- 
addressable only. 

Control/Status Register — The CSR is a 16-bit register used to 
control the function and monitor the status of the interface. Bit 0 is a 
write-only bit and always reads as zero. Bits 1-6 and bits 8 and 12 are 
read/write bits; bits 7, 8-11 and 13-15 are read-only bits. Bit 14 can be 
written to a zero. Bits 4 and 5 are the extended addressing bits. The 
CSR is both byte- and word-addressable. 

Input and Output Data Buffer Regisers (DBRs) — The two DBRs are 
16-bit registers. The input DBR is a read-only register and the output 
DBR is a write-only register. Data is loaded into the input DBR by the 
user's device and subsequently transferred into memory under DMA 
control by the DRV 11 -A , or under program control by the processor. 
Conversely, data is written into the output DBR from memory under 
DMA control by the DRV11-B, or under program control by the proc- 
essor, and read by the user's device. The input and output DBRs 
interface to the user's device by means of two separate 40-pin I/O 
connectors. These connectors may be cabled together (for mainte- 
nance purposes) to function as a read/write register. The input and 
output DBRs share the same bus address and are byte- and word- 
addressable. 
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BUS DATA /ADDRESS. 
VECTOR BITS 
(BDAL OO-ISL) 



DEVICE 
ADDRESS 
SELECTOR 



3- STATE BUS (DATA/ ADDRESS BITS DA OO-ISH) 



ADDRESS 
SELECTION 
SWITCHES 



ADDRESS 
SELECTION 
SWITCHES 



READY (I) H 



REGISTER SELECTS 



~ BDHR 


L 


, BSACK 


L 


' BDHSO 


L 


" BDHQI 


L , 


" BRPLY 


L , 


. BDIN 


L , 


' BSYNC 


L ' 



DMA 

CONTROL 
LOGIC 



A IDA00-I9HI N 
\ ^ 



OUTPUT 

DATA 
BUFFER 
REGISTER 

(OBR) 



BA INC ENB H 



ERROR (PAIS) 



ATTN (PAIS) 



MAINT (DAI2I 



.STATUS A,B.C(DAII.iq09) 



. WC INC ENB H 



FNCT 1.Z.3H. 



.STAT A.B.C.H 



READY IDA07I 



XAP 16.17 IOA04. 03) 



^NCT 1,2.3.(DA0I.02.03I 
GO (OA 0) 



OATA 
BUFFER 
IDBR) 



c 



SINGLE CYCLE H 



Figure 1 DRV1 1 -B Logic Block Diagram 



USERS 
I/O 
DEVICE 



o 

3D 
< 
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User's I/O Device to System Memory Transfer (DATO or DATOB) 

Data transfers from the user's I/O device to the memory are DMA 
transfers. Figure 10 illustrates the data flow for a DMA DATO or DA- 
TOB cycle. Referring to Figure 9, DMA transfers are initialized under 
program control by loading the DRV11-B WCR (in 2's complement) 
with a count equal to the number of words to be transferred; loading 
the BAR with the starting memory address for word storage; and set- 
ting the CSR for transfers. 



c 



c 



0 



DATO OR DATOB 



Figure 2 DMA DATO/DATOB Data Flow Diagram 

When the GO bit of the CSR is written to a "one," READY goes low, the 
user's I/O device conditions the A00, BA INC ENB, WC INC ENB, 
ATTN, SINGLE CYCLE (high for normal DMA transfers), and the CO, 
C1 (Table 6) lines, and then asserts CYCLE REQUEST. The input data 
bits and the control bits (CO, C1 and SINGLE CYCLE) are latched into 
the respective DRV11-B registers. CYCLE REQUEST sets CYCLE and 
causes the DRV11-B to assert BDMR, which makes an LSI-11 bus 
request and causes BUSY to go low. In response to BDMR, the 
processor asserts BDMGO which is received as BDMGI. The DRV11-B 
becomes bus master and asserts BSACK and negates BDMR. The 
processor then terminates the bus grant sequence by negating 
BDMGO. 

When the DRV1 1-B becomes bus master, a DATI or DATIO bus cycle 
is performed (a DATI is described). The DRV11-B places the address 
of the memory location from which the first word is taken on the BDAL 
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OAT I OR DAT 10 



c 



\7 



Figure 3 DMA DATIO/DATI Data Flow Diagram 

lines and asserts BSYNC. Memory decodes and latches the address. 
The DRV11-B then removes the address from the BDAL lines and 
asserts BDIN. Input data is now placed on the BDAL lines by the 
memory and the memory asserts BRPLY. The input data is accepted 
by the DRV11-B and BDIN is negated. Memory negates BRPLY and 
the DRV1 1-B negates BSACK and BSYNC to terminate the bus cycle 
and release the bus. The output data bits for the user's I/O device are 
stored in the DRV11-B output data buffer register. These bits can be 
read by the user's device at the low-to-high transition of BUSY. 

At the end of the first transfer, the DRV1 1-B WCR and BAR are incre- 
mented, BUSY goes high and READY remains low. The user's device 
can initiate another DATI or DATIO cycle by again setting CYCLE 
REQUEST. DMA transfers to the user's device can continue until the 
WCR increments to zero and causes an interrupt request to be 
generated. 

DMA Transfers 

The DRV11-B interface is designed for DMA transfers which the user 
can accomplish in several ways. DMA transfers are always set up by 
the processor when it loads the BAR and WCR and sets the READY bit. 
The user then has the option of initiating transfers either by program 
control (setting the GO bit in the CSR) or by the user device asserting 
CYCLE REQUEST for 1 ^s minimum. 
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Type of I/O to be Performed — The user has the option of selecting 
DATI, DATO, DATOB, or DATIO bus cycles by asserting CO and C1 per 
Table 6. Note that if byte transfers are being performed, the byte 
address bit (A00) must be manipulated by the user. (Refer to the 
section entitled "Word or Byte Transfers.") 

Burst Mode vs. Single Cycle DMA — Single cycle DMA allows the 
asynchronous transfer of data to or from the user's device. Each time 
the user's device is ready for a transfer, the user asserts CYCLE RE- 
QUEST for 1 fis. A DMA cycle is requested from the LSI-1 1 bus, and 
when the bus is granted to the DRV11-B, the BUSY line is asserted to 
inform the user that a data transfer is underway. The user must set up 
input data when CYCLE REQUEST is asserted, and hold it valid until 
the next assertion of CYCLE REQUEST. The user must strobe output 
data out of the DRV11-B on the rising edge of BUSY. The data will be 
valid 250 ns minimum before the rising edge of BUSY. (Figures 12 and 
13 are detailed timing diagrams.) 

Burst mode DMA allows synchronous transfer of data between a 
user's device and the DRV11-B. Once a DMA sequence is started 
(either by the user or by the processor), data will be transferred at a 
synchronous rate of 500K words per second. One data word will be 
transferred every 2 fis. The user must strobe data out of the DRV1 1-B 
into the user's device on the rising edge of BUSY. The data to be 
transferred to the DRV1 1-B must be set up when the READY line goes 
low (for the first data transfer) or on the rising edge of BUSY (for 
subsequent data transfers). (Figures 14 and 15 are detailed timing 
diagrams.) 

Word or Byte Transfers — The DRV1 1-B can transfer words or bytes 
to memory. Transfers from memory are always on a word basis; if only 
one byte is required, the unused bytes are disregarded. To transfer 
data on a byte basis to memory, the following operations must be 
performed: 

1 . A00 must be manipulated by the user to address the proper byte 
in memory. 

2. The byte to be transferred to memory must be input in its proper 
position in the input word, i.e., if A00 is 1 , the byte to be input must 
be on the input lines IN 8 H through IN 15 H (high byte being 
transferred). 

3. WC INC EN H and BA INC EN H must be asserted during the write 
cycle of the first byte of each word to inhibit the BAR and WCR 
from incrementing. 
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Figure 4 DRV1 1 -B Timing: Single Cycle, Asynchronous, User- 
Initiated 
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-co. ci y 



y. x x x" 
\ / 



"SINGLE CYCLE 



yyyyyyyyyyyyyyy 



■DATA FROM USER 
DEVICE TODRV1I B 
I IF OATOIBII 



'DATA FROU DRVHB 7 




yyyyyyyyyyyyyyyyyyym i 



WORD TRANSFERS 



BYTE TRANSFERS 



•OUTPUT LINE 
TO USERS 
DEVICE 



Figure 5 DRV11-B Timing: Single Cycle, Asynchronous, Program- 
Initiated 
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•DATA FROM USER 
DEVICE TO ORV1I B 
I IF DATOfBtl 



•DATA FROM OHV11 1 
TO USER DEVICE 
(IF DAT! OR DATIOl 



WORD TRANSfERS 



If TRANSFERS 



OUTPUT I 
TO UStfl* 
DEVICE 



NOTF 1 

THIS PULSE WIDTH P( RiOO IS £ OUAl to 
THF TIME BETWf INCONSECUTIVE ASSF R 
TIONSOF BSVNCON THE LSI 11 BUS 
WHILE THIS ISUtPENDFMT ON MEMORY 
RFPLY TIMES THF NOMINA I VALUE (S 



NOTE 2 

THE WIDTH OF THIS PULSE IS DETERMINED 
BY THE WIDTH OF HRPLV ON THE LSI 1 1 
BUS WHILE THIS "S DEPENDENT ON THE 
MEMORY REPLY TIME IT IS NOMINALLY 
200 NS 



Figure 6 DRV11-B Timing: Burst Mode, User-Initiated 
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V 



•CO. CI 
{DETERMINES 
CYCLE TYPE I 



\_ 



J 



"SINGLE CYCLE 




•DATA FROM USER 
DEVICE TO DRV11-E 
(IF DATOIBII 



•DATA FROM DRV11E 
TO USER DEVICE 
IIF DATI OR DATIOI 



! USE TO I" SEE NOTE I >|| \ 

_!__^ STROBE J | SEE | U V . 

' | 150NSMAX-f>l \»~ ' ill I ' 



• INPUT LINE FROM 
USER DEVICE 

•OUTPUT LINE 
TO USERS 
DEVICE 



WORD TRANSFERS 



NOTE 1 

THIS PULSE WIDTH PERIOD IS EQUAL TO 
THE TIME BETWEEN CONSECUTIVE ASSER 
TIONS OF BSYNC ON THE LSI-11 BUS. 
WHILE THIS IS DEPENDENT ON MEMORY 
REPLY TIMES. THE NOMINAL VALUE IS 
2nS. 



BYTE TRANSFERS 



NOTE 7 

THE WIDTH OF THIS PULSE IS DETERMINED 
BY THE WIDTH OF BRPLY ON THE LSI 1 1 
BUS. WHILE THIS IS DEPENDENT ON THE 
MEMORY REPLY TIME. IT IS NOMINALLY 
200 NS. 



Figure 7 DRV1 1 -B Timing: Burst Mode, Program Initiated 



291 



DRV11-B 



Miscellaneous Signals — Four sets of signals exist to perform hand- 
shaking and status exchange between the processor and the user's 
device. They are: 

STA TUS A, B, C— These three TTL lines are used to input status to the 
DRV1 1-B from the user's device. 

FUNCT 1, 2, 3— These three TTL lines are used to output status from 
the DRV 1 1-B to the user's device. 

IN IT, INIT V2-INIT is asserted when the LSI-11 bus INIT signal is 
asserted. INIT V2 is asserted either when the LSI-1 1 bus INIT is assert- 
ed or when FUNCT 2 is a 1 . 

ATTN— ATTN terminates a DMA transfer. This sets the READY bit and 
causes an interrupt (if the interrupt enable bit has been set). 
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CONFIGURATION 
General 

The interface consists of five registers (Table 1): word count register 
(WCR), bus address register (BAR), control/status register (CSR), 
input data buffer register (IDBR), and output data buffer register 
(ODBR). The module also includes bus transceivers and logic for in- 
terrupt requests, address control and protocol, and DMA requests. 

Table 1 Standard Addresses 



Description 



Read/ 

Mnemonic Write 



Address 



Register 

Word Count 
Bus Address 
Control/Status 
Input Data Buffer 
Output Data Buffer 

Interrupt 

Interrupt Vector 



WCR 
BAR 
CSR 
IDBR 
ODBR 



R/W 

R/W 

R/W 

R 

W 



172410 
172412 
172414 
172416 
172416 

124 



The DRV1 1-B contains two switch packs, one to assign an appropriate 
device address to the DMA interface and one to select an interrupt 
vector. 

The address of both the DRV1 1-B interface and the interrupt vector is 
selected by the position of the switches in switch pack S2 and S1, 
respectively. The location of the switches on the module is shown in 
Figure 1. The switches are set to the OFF position (open) to select a 
zero bit and the ON position (closed) to select a one. 

Device Address Format 

The DRV11-B decodes four addresses, one for each of the registers 
listed: 

Register Octal Address 



WCR 1XXXX0 

BAR 1XXXX2 

CSR 1XXXX4 

DBR 1XXXX6 
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OEVICE ADDRESS 
SELECTION SWITCHES 



VECTOR ADDRESS 
SELECTION SWITCHES 



i n n n t 

II - 4156 

Figure 8 DRV1 1 - B Connector and Switch Locations 

Normally, the addresses assigned to the DMA start at 77241 0 8 and 
progress upward. Switches S2-1 through S2-10 select the base ad- 
dress as indicated by the X portion of the octal code; the individual 
registers are decoded by the DMA interface. The relationship between 
the address format and the switches is shown in Figure 2. 



13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1111 



ON OFF ON OFF ON OFF OFF OFF OFF ON 



OPEN ZERO = OFF 
CLOSED = ONE - ON 



Figure 9 Device Address Switch S2 Selection 



Interrupt Vector Selection 

The interrupt vectors for the LSI-1 1 systems are allocated from 0-774 8 . 
The recommended vector assigned to the DRV11-B is 124 8 . Switches 
S1-1 through S1-8 are used to select the vector. The relationship 
between the switches and the vector format is shown in Figure 3. 
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OPEN = ZERO = OFF 
CLOSED = ONE = ON 



OFF OFF OFF ON OFF ON OFF ON 



Figure 10 Interrupt Vector Switch S1 Selection 



Registers 

Each of the five registers can be addressed by the processor. The 
IDBR and ODBR are assigned the same address and are read-only 
and write-only, respectively. 

Word Count Register (WCR) — The WCR (Figure 4) is a 16-bit 
read/write counter which is loaded by the program with the 2's com- 
plement of the number of words or bytes to be transferred at one time 
between memory and the I/O device. At the end of each transfer, the 
WCR is incremented. When the count becomes zero (all 16 bits = 0), 
the DMA generates an interrupt request. The contents of the WCR can 
be monitored by the processor program. 



ADDRESS 
XXXXXO 



READ/WRITE 



16 BIT COUNTER 



Figure 1 1 Word Count Register 

Bus Address Register (BAR) — The BAR (Figure 5) is a 16-bit 
read/write register used to generate the bus address which specifies 
the location to or from which data is to be transferred. The register is 
incremented after each transfer. It will increment across 32K boundary 
lines via the extended address bits in the control/status register. Bus 
address bit 0 is driven by the user device. 

Control and Status Register (CSR) — The CSR (Figure 6) contains 16 
bits of information used to control the function and monitor the status 
of the DMA transfers. The information in the CSR can be modified or 
read by the processor program in either 8-bit bytes or 16-bit words. 
Table 2 lists and defines each of the 16 bits. 
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ADDRESS 
XXXXX2 



15 14 12 11 9 8 6 5 3 2 



0-K 0-7, 



Figure 12 Bus Address Register 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



ADDRESS 
XXXXX4 



-1 1 I I I I I L. 



Figure 13 Control/Status Register 



Table 2 DRV1 1 -B Control/Status Register Bit Description 



Bit: 15 Name: Error 

Description: (Read-only) 
Indicates a special condition 
NEX(bit14) 
ATTN (bit 13) 

Sets READY (bit 7) and causes interrupt if IE (bit 6) is set. 

Cleared by removing the special condition. 
NEX is cleared by writing to zero. 
ATTN is cleared by the user device. 

Bit: 14 Name: NEX 

Description: (Read/Write zero) 

Nonexistent memory indicates that as bus master, the DRV11-B did 
not recieve BRPLY or that a DATIO cycle was not completed. 

Sets error (bit 15). 

Cleared by INIT or by writing to zero. 

Bit: 13 Name: ATTN 

Description: (Read-only) 

Indicates the state of the ATTN user signal. 

Sets error (bit 15). 

Bit: 12 Name: MAINT 

Description: (Read/Write) 

Maintenance bit used with diagnostic program. 
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Bit: 11 Name: STAT A 

Description: (Read-only) 

Device status bit that indicates the state of the DSTAT A, B, and C, 
user signals. 

Set and cleared by user control only. 

Bit: 10 Name: STAT B 

Description: (Read-only) 

Device status bit that indicates the state of the DSTAT A, B, and C user 
signals. 

Set and cleared by user control only. 

Bit: 9 Name: STAT C 

Description: (Read-only) 

Device status bit that indicates the state of the DSTAT A, B, and C user 
signals. 

Set and cleared by user control only. 

Bit: 8 Name: CYCL 

Description: (Read/Write) 

Cycle is used to prime a DMA bus cycle. 

Bit: 7 Name: READY 

Description: (Read-only) 

Indicates that the DRV11-B is able to accept a new command. Re- 
quests an interrupt if IE (bit 6) is set. 

Set by INIT. 

Bit: 6 Name: IE 

Description: (Read/Write) 

Enables interrupts to occur when READY (bit 7) is set. 

Cleared by INIT. 

Bit: 5 Name: XAD 17 

Description: (Read/Write) 

Extended access bit 17; cleared by INIT. 

Bit: 4 Name: XAD 16 

Description: (Read/Write) 

Extended address bit 16; cleared by INIT. 

Bit: 3 Name: FNCT 3 

Description: (Read/Write) 

One of three bits made available to the user device. User defined. 
Cleared by INIT. 
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Bit: 2 Name: FNCT 2 

Description: (Read/Write) 

One of three bits made available to the user device. User defined. 

Cleared by I NIT. 

Bit: 1 Name: FNCT 1 

Description: (Read/Write) 

One of three bits made available to the user device. User defined. 

Cleared by I NIT. 

Bit: 0 Name: GO 

Description: (Write-only) 

Causes "NOT READY" to be sent to the user device indicating a com- 
mand has been issued. Clears READY (bit 7). Enables DMA transfers. 



Input Data Buffer Register (IDBR) — The IDBR (Figure 7) is used for 
read-only operations. Data is loaded into the register by the user's 
device. The data may be read from the IDBR as a 16-bit word, an 8-bit 
high byte or an 8-bit low byte. Transfers are usually via DATO or 
DATOB DMA bus cycles. The register input connects to J2 mounted 
on the module. 



ADDRESS 
XXXXX6 



8 BIT HIGH BYTE 



8 BIT LOW BYTE 



16 BIT DEVICE INPUT DATA WORD 



Figure 14 Input Data Buffer Register 



Output Data Buffer Register (ODBR) — The ODBR (Figure 8) is used 
during write-only operations. Data from the LSI-11 bus is loaded into 
the register under program control and read from the register by the 
user's device. The register can be loaded with a 16-bit data word or 
with an 8-bit high byte or an 8-bit low byte. Transfers are usually via 
DATI or DATIO DMA bus cycles. The output of the register connects to 
J1 on the module. 



8 BIT HIGH BYTE 



8 BIT LOW BYTE 



16 BIT DATA WORD 



Figure 1 5 Output Data Buffer 
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PROGRAMMING 
General 

The DRV1 1-B interface operates as both a slave and a master device. 
Prior to becoming bus master, all data transfers out (OATO) or data 
transfers in (DATI) are in respect to the processor. Once the DRV11-B 
is granted bus mastership by the processor, all data transfers are in 
respect to the DRV1 1-B. 

DMA operation is initialized under program control by loading the 
WCR with the 2's complement of the number of words to be trans- 
ferred, loading the BAR with the first address to or from which data is 
to be transferred, or loading the CSR with the desired function bits. 
After the interface is initialized, data transfers ae under control of the 
DMA logic. 

Program Control Transfers 

Data transfers may be performed under program control by address- 
ing the IDBR or ODBR and reading or writing data. 

DMA Control Transfers 

DMA input (DATI) or output (DATO) data transfers occur when the 
processor clears READY. For a DATO cycle (DRV11-B to memory 
transfer), the user's I/O device presets the control bits [word count 
increment enable (WC INC ENB), bus address increment enable (BA 
INC ENB), C1, CO, A00, and ATTN], and asserts CYCLE REQUEST to 
gain use of the LSI-1 1 bus. When CYCLE REQUEST is asserted, input 
data is latched into the input DBR, the control bits are latched into the 
DRV11-B DMA control and BUS goes low. A DATI cycle— memory to 
DRV11-B transfer— is handled in a similar manner, except that the 
output data is latched into the output DBR at the end of the bus cycle. 

When the DRV11-B becomes bus master, a DATO or DATI cycle is 
performed directly to or from the memory location specified by the 
BAR. At the end of each cycle, the WCR and BAR are incremented and 
BUSY goes high while READY remains low. A second DATO or DATI 
cycle is performed when the user's I/O device again asserts CYCLE 
REQUEST. DMA transfers will continue until the WCR increments to 
zero, at which time READY goes high and the DRV11-B generates an 
interrupt (if interrupt enable is set) to the processor. 

If burst mode is selected (SINGLE CYCLE low), only one CYCLE 
REQUEST is required for the complete transfer of the specified num- 
ber of data words. 
Device Cables and Signals 

Data, status, and control signals are transferred between the user's 
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I/O device and DMA by an input and an output cable assembly. The 
input cable attaches to connector J2 and the output cable attaches to 
connector J1. Tables 3 and 4 list the connector pin and designations 
for each signal. Table 5 lists several recommended cable assemblies 
that are available from DIGITAL in the lengths indicated. The H856 
female connector mates with either J 1 or J2 on the DRV11-B. To order 
cable assemblies in lengths not listed, contact a DIGITAL sales office. 
Cables up to 15.2 m (50 ft) maximum may be used. 



Table 3 DRV11-B Input Connector Signals 



J2* 

Connector Pin 


Signal Name 


Unit Loads 


B 


Dl 1 0 V/ LI 

BUSY H 


10 (drive) 


D 


A TTM l_l 

A 1 1 In n 


1 


F 


Ann 1 1 
AUU n 


1 


J 


BA INU ENB H 


1 


ft 


FNCT 3 H 


10 (drive) 


N 


COH 


1 


R 


FNCT 2 H 


10 (drive) 


T 


C1 H 


1 


V 


FNCT 1 H 


10 (drive) 


DD 


08 INH 




FF 


09INH 




JJ 


10 INH 




LL 


11 INH 




NN 


12 INH 




RR 


13INH 




TT 


14 INH 




VV 


15 INH 




CC 


07 INH 




EE 


06 INH 




HH 


05 INH 


1 


KK 


04 INH 




MM 


03 INH 




PP 


02 INH 




SS 


01 INH 




UU 


00 INH 





* All remaining pins connect in common to logic ground by board etch. 
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Table 4 DRV1 1 -B Output Connector Signals 



J1* 

Connector Pin 


Signal Name 


Unit Loads 


B 


CYCLE REQUEST H 


1 


D 


INIT V2H 


10 (drive) 


F 


READY H 


10 (drive) 


J 


WC INC ENB H 


1 


K 


SINGLE CYCLE H 


1 


L 


STATUS A 


1 


N 


INIT H 


10 (drive) 


R 


STATUS B 


1 


n 

vj 


STATUS C 


1 


DD 


08 OUT H 




FF 


09 OUT H 




JJ 


10 OUT H 




LL 


11 OUTH 




NN 


12 OUT H 




RR 


13 OUTH 




TT 


14 OUTH 




VV 


15 OUTH 




CC 


07 OUT H 




EE 


06 OUT H 


10 (drive) 


HH 


05 OUT H 




KK 


04 OUT H 




MM 


03 OUT H 




PP 


02 OUT H 




SS 


01 OUT H 




UU 


00 OUT H 





* All remaining pins connect in common to the logic ground by board etch. 
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Table 5 Recommended Cable Assemblies 



Cable No. Connectors Type Standard Lengths (ft) 



BC07D-XX H856 to open end 2,20 conductor 
10, 15, 15 

ribbon 

BC08R-XX H856 to H856 Shielded flat 1 , 6, 1 0, 1 2, 20, 25, 50 

BC04Z-XX H856 to open end Shielded flat 
6, 10, 15, 25,50 



Table 6 DRV11-B Interface Connector Signals 



Mnemonic 

00 OUT— 15 OUT 

00IN — 15 IN 
STATUS A, B, C 

FUNCT1.2.3 

INIT 
INITV2 

A00 



Description 

16 TTL data output lines from the DRV11-B. 
One = high 

16 TTL data input lines from the user's de- 
vice. One = high 

Three TTL status input lines from the user's 
device. The function of these lines is de- 
fined by the user. 

Three TTL output lines to the user's device. 
The function of these lines is defined by the 
user. 

One TTL output line; used to initialized the 
user's device. 

One TTL output line; present when INIT is 
asserted or when FUNCT 2 is written to a 
one. Used for interprocessor buffer applica- 
tions. 

One TTL input line from the user's device. 
This line is normally high for word transfers. 
During byte transfers this line controls ad- 
dress bit 00. 



302 



DRV11-B 

Table 6 DRV1 1 -B Interface Connector Signals 



Description 

One TTL output line to the user's device. 
BUSY is low when the DRV1 1-B DMA 
control logic is requesting control of the 
LSI-1 1 bus or when a DMA cycle is in prog- 
ress. A low-to-high transition indicates end 
of cycle. 

READY One TTL output line to the user's device. 

When the READY line goes low, DMA trans- 
fers may be initiated by the user's device. 

CO, C1 Two TTL input lines from the user's device. 

These lines control the LSI-1 1 bus cycle for 
DMA transfers. CO, C1 codes for the four (4) 
possible bus cycles as listed below: 

Bus Cycle CO C1 



DATI 


0 


0 


DATIO 


1 


0 


DATO 


0 


1 


DATOB 


1 


1 



SINGLE CYCLE One TTL input line from the user's device. 

This line is internally pulled high for normal 
DMA transfers. For burst mode operation, 
SINGLE CYCLE is driven low by the user's 
device. 

CAUTION: When SINGLE CYCLE is driven 
low, total system operation is affected be- 
cause the LSI-1 1 bus becomes dedicated to 
the DMA device and other devices cannot 
use the bus. 

WC INC ENB One TTL input line from the user's device. 

This line is normally high to enable incre- 
menting the DRV1 1-B word counter. Low 
inhibits incrementing. 

BA INC ENB One TTL input line from the user's device. 

This line is normally high to enable incre- 
menting the bus address counter. Low inhi- 
bits incrementing. 



Mnemonic 

BUSY 
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Table 6 


DRV11-B Interface Connector Signals (Cont) 


Mnomnnip 

IVIIIdllUllll* 


nAQ^rlntlnn 

UVSvl I|JIIUII 


CYCLE REQUEST 


One TTL input line from the user's device. A 




low-to-high transition of this line initiates a 




DMA request. 


ATTN 


One TTL input line from the user's device. 




This line is driven high to terminate DMA 




transfers, to set READY, and to request an 




interrupt if the interrupt enable bit is set. 



As bus master, the DRV1 1-B performs a DATO or DATOB bus cycle by 
placing the memory address on BDAL lines, asserting BWTBT, and 
then asserting BSYNC. The memory decodes the address, then the 
DRV11-B removes the address from the BDAL lines, negates BWTBT 
(BWTBT will remain active for a DATOB), places the user's input data 
on the BDAL lines and asserts BDOUT. Memory receives the data and 
asserts BRPLY. In response to BRPLY, the DRV11-B negates BDOUT 
and then removes the user's input data from the BDAL lines. Memory 
now negates BRPLY, the bus cycle is terminated, and the bus released 
when the DRV11-B negates BSACK and BSYNC. 

At the end of the first transfer, the DRV11-B WCR and BAR are incre- 
mented, BUSY goes high, and READY remains low. With BUSY high 
and READY low, the user's I/O device can initiate another DATO or 
DATOB cycle by again asserting CYCLE REQUEST.If the interrupt 
enable is set, DMA transfers can continue until the WCR increments to 
zero and generates an interrupt request. When the WCR increments to 
zero, READY goes high, and the DRV11-B generates an interrupt re- 
quest (if the interrupt circuits are enabled). The processor responds to 
the interrupt request (BIRQ) by asserting BDIN followed by BIAKI 
(interrupt acknowledge). BIAKI is received by the DRV11-B and in 
response places a vector address on the BDAL lines, asserts BRPLY, 
and negates BIRQ. The processor receives the vector address and 
negates BDIN and BIAKI. The DRV11-B now negates BRPLY, while the 
processor exits from the main program and enters a service program 
for the DRV1 1-B via the vector address. 

Interrupt requests from the DRV11-B occur for the following condi- 
tions: 

1 . When the WCR increments to zero— this is a normal interrupt at 
the end of a designated number of transfers. 
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2. When the user's I/O device asserts ATTN— this is a special condi- 
tion interrupt which may be defined by the user to override the 
WCR. 

3. When a nonexistent memory location is addressed by the DRV1 1 - 
B— this special condition interrupt is produced when no BRPLY is 
received from the memory. 



System Memory to User's Device Transfers (DATIO or DATI) 

DMA transfers from the memory to the user's I/O device occur in a 
manner similar to that described for user's I/O device to memory 
transfers. Figure 1 1 illustrates the data flow for a DMA DATIO or DATI 
cycle. Under program control, the DRV11-B WCR (Figure 9) is loaded 
with a count equal to the number of transfers, while the BAR is loaded 
with the starting address from which the first word will come; the CSR 
is set for transfers. 

With the CSR set, READY goes low and the user's I/O device condi- 
tions the CO, C1 lines (Table 6) for a DATI or a DATIO, conditions the 
WC INC ENB, BA INC ENB, ATTN, SINGLE CYCLE (high for normal 
DMA transfers) signals, and asserts CYCLE REQUEST. 
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HIGH DENSITY PARALLEL INTERFACE 
GENERAL 

Sixty-four input/output data lines are now available on a double- 
height module for the LSI-11/2, LSI-11/23, PDP-11/03, and PDP- 
11/23. The DRV11-J also includes an advanced interrupt structure 
with bit interruptability up to 16 lines, programmable interrupt vectors, 
and program selection of fixed or rotating interrupt priority within the 
DRV11-J. 

The DRVH-J's bit interrupts for real-time response make it especially 
useful for sensor I/O applications. It can also be used as a general- 
purpose interface to custom devices, and two DRV11-Jscan be con- 
nected back-to-back as a link between two LSI-1 1 buses. 

FEATURES 

• 64 tri-state bidirectional input/output lines organized as four 16-bit 
ports, A through D. 

• Data line direction selectable under program control for each 16-bit 
port. 

• Transitions on each of the 16 lines of Port A can generate unique 
interrupt vectors (bit interrupts). This means high-priority inputs get 
serviced by the CPU much faster. 

• Transitions on the USER RPLY lines of each port can generate 
unique interrupt vectors (I/O interrupts). This means less processor 
overhead. By selecting this feature, bit interrupts are reduced to 12. 

• Double-height module: 22.8cm X 13.2cm (8.9 in. X 5.2 in.) 

• Drive up to 25 feet of shielded cable, 6 feet of unshielded flat or 
round cable. 

• Four external control lines per port: USER RDY, USER RPLY, 
DRV11-J RDY, and DRV11-J RPLY. 

• Interrupt vectors (fixed or rotating priority) are set under program 
control. This eliminates the need for jumper-defined vectors. 

• Latched outputs, PNP-Schmitt-trigger inputs. 

SPECIFICATIONS 

Identification M8049 
Power 

+5V±5% 1.6A typical, 1.8A maximum 

Bus Loading: 

2 ac loads, 1 dc load 



306 



DRV11-J 



Data Buffer Tri-State Outputs: 

V 0L = 0.5V @ 1 0L = 8 mA 

V ol = 0.4V @ I 0L = 4 mA 

V oh = 2.4V @ I oh = -2.6 mA 

Data Buffer Inputs: 

I | L = -0.2 mA @ V, L = 0.4V 
l|H = 20 M A@V| H =2.7V 

Protocol Signal Tri-State Outputs: 

V ol = 0-55V @ I ol = 64 mA 

V oh = 2.4V @ I 0H = -15 mA 

Protocol Signal Inputs: 

Termination: 120 ohms 
I | L = -2.7 mA@ V| L = .5V 
l|H = 80/xA@V, H = 2.7V 

Environmental: 

Storage temperature: -40°C to +60°C 
Operating temperature: +5°C to +60°C 

Adequate airflow must limit the inlet to outlet temperature rise to 10°C 
(5°C if inlet air is 55°C). 

NOTE 

Derate maximum operating temperature by 1.8°C 
for each 1000 meters of altitude above sea level. 

Humidity: 10% to 90%, non-condensing 
Size 

Double-height module: 
13.2cm (5.2in.)wide 
22.8cm (8.9in.) long 

Cabling: 

BC05W-xx— Shielded cable with 50-pin connectors at both ends. 
Available in 3.0 and 7.5 meter (10 and 25 foot) lengths. 

DESCRIPTION 

Detailed information about the DRV1 1-J is supplied with the module. 
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PROGRAMMING 

The DRV11-J is programmed through eight contiguous directly ad- 
dressable registers, which may be positioned to start from 760000 8 
through 777760 8 in address space by stake pin jumpers. There are 
four Control Status Registers and four Data Buffers. 

The Registers are: 

Control Status Register A (CSRA) 7XXXX0 8 

Data Buffer Register A (DBRA) 7XXXX2 8 

Control Status Register B (CSRB) 7XXXX4 8 

Data Buffer Register B (DBRB) 7XXXX6 8 

Control Status Register C (CSRC) 7XXX10 8 

Data Buffer Register C (DBRC) 7XXX1 2 8 

Control Status Register D (CSRD) 7XXX14 8 

Data Buffer Register D (DBRD) 7XXX16 8 

XXXX is jumper-selectable between 6000 8 to 7776 8 in a modulus of 
16 and factory-set to 641 6 8 (CSRA = 7641 60 8 ). 

The format of these registers is shown in Figure 1 . 

Unlike other LSI-11 interface modules, the DRV11-J uses two sets of 
eight internal registers to control interrupts. The first set of registers is 
controlled through CSRA and CSRB and is responsible for interrupts 
generated in bits 0-7 of Port A. The second set of registers is con- 
trolled through CSRC and CSRD and is responsible for either bits 8-15 
of Port A or, when I/O interrupts are selected, the four USER RPLY 
lines and bits 8-1 1 of Port A (see Figure 1 ). 

IRR Interrupt Request Register 

ISR Interrupt Service Register 

IMR Interrupt Mask Register 

ACR Auto Clear Register 

— Status Register 

— Mode Register 

— Command Register 

— Byte Count 

— Vector Address Memory 

Interrupt vectors are stored in Vector Address Memory. Vector ad- 
dresses can be set from 0 to 1774 8 and must be loaded on power-up. 
To provide for dynamic changing of interrupt subroutines, vectors are 
programmable. Four vectors are available for each of the sixteen in- 
terrupts. 
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CSRA 

Location = device address 
15 14 



NOT USED 

read as zeros 



(READ 
ONLY) 



INTERRUPT 
ENABLE 
(READ/ 
WRITE) 

DIRECTION 
PORTA 
(READ/WRITE) 



J L 



i — r 



j L 



CSRB 

Location = device address - 



INTERRUPT CONTROL 
STATUS/COMMAND - 8 LINES 
(READ/WRITE) 

• Not reset by binit 

• Reset 

• Manipulate internal registers 

- Interrupt Request Register 
■ Interrupt Mask Register 

- Interrupt Service Register 

- Mode Register 

- Read Status Register 

• Preselect internal memory for 
reading/writing through CSRB 

- Vector Address Memory 

- Interrupt Request Register 

- Interrupt Mask Register 

- Interrupt Service Register 

- Auto Clear Register 



IS 14 13 12 



READY 
B 

(READ 

ONLY) « 

CSRC 

Location = device address + 8 



NOT USED 

read as zeros 



DIRECTION 
PORTB 
(READ/WRITE) 



INTERRUPT CONTROL DATA 
(READ/WRITE) 

• As preselected in CSRA 



15 14 13 12 11 



I ^- 
USER 
READY 

C 

(READ 
ONLY) 



NOT USED 

read as zeros 



DIRECTION- 
PORT C 
(READ/WRITE) 



INTERRUPT CONTROL 
STATUS/COMMAND - 8 lines 
(READ/WRITE) 

• Same as CSRA 



CSRD 

Location =devlce address + 12 
IS 14 13 



^L S » E nv NOT USED DIRECTION- INTERRUPT CONTROL DATA - 8 lines 

O read as zeros PORTD (READ/WRITE) 

(READ 

ONLY) ' As preselected in CSRC 



DBRA. DBRB. DBRC. DBRD 

Location = device address =+2. +6. tIO. +14 respectively 
15 14 13 12 11 10 9 



J L 



INPUT DATA (when READ) 
OUTPUT DATA (when WRITE) 
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DRV11-P LSI-11 BUS FOUNDATION MODULE 



GENERAL 

The DRV1 1-P is an LSI-1 1 bus-compatible foundation wire-wrap inter- 
face module. Approximately one-quarter of the module is occupied by 
bus transceivers, interrupt vector generator logic, and a 40-pin I/O 
connector. The remaining three-quarters of the module is for user 
application and has plated-through holes to accept ICs and wire-wrap 
pins (WP) for interconnecting the user's circuits. The plated-through 
holes can accept 6-, 8-, 14-, 16-, 18-, 20-, 22-, 24-, and 40-pin dual-in- 
line ICs or IC sockets in various mounting areas of the module, or 
discrete components can be inserted into the plated-though holes. 
The DRV11-P can be inserted into any one of the available interface 
option locations of any LSI-1 1 bus. 

FEATURES 

• An easy-to-use foundation module for custom interface applica- 
tions. 

• Factory-installed LSI-1 1 bus-compatible interface circuits. 

• Device and interrupt vector that can be configured by the user. 

• Compact— occupies only two device locations on the bus. 

• Can accommodate up to 50 integrated circuits making up the user's 
device logic. 

• Wire-wrap pins are provided for all signals. 

• All user control signal lines are TTL-compatible. 

SPECIFICATIONS 

Identification M7948 

Size Quad 

Power 5.0 Vdc ±5% at 1 .0 A 

Bus Loads 

AC 2.1 

DC 1 (plus user's logic) 

DESCRIPTION 
General 

The DRV1 1-P contains 16 bus transceivers, device selection and inter- 
rupt vector generation logic, interrupt control, and control and status 
register functions. The device data inputs and outputs of the bus 
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transceivers and the device control signals are made available to the 
user to complement control of up to four 16-bit registers. 

Address Selection Logic 

The address selection logic consists of a device address comparator 
and the protocol control logic. Up to four discrete addresses are made 
available with the existing logic on the DRV11-P and can be assigned 
to data registers, status and control registers, or word counters. By 
adding additional ICs, the user can increase the total number of ad- 
dresses available. The main address of the DRV11-P is selected by 
monitoring the BBS7 bus line and decoding address information D03- 
D12 from the bus. The main device address is assigned by the config- 
uration of jumper leads (A03-A08) attached to wire-wrap pins. When 
the selected and input bus addresses are the same, the device ad- 
dress comparator provides an ENB H level to the protocol control 
logic. The protocol control logic receives bus signals and address bits 
D01 and D02 to assert one of the four available output lines: SEL DEV 
OL, SEL DEV 2L, SEL DEV 4L, and SEL DEV 6L. In addition, the proto- 
col control logic provides output signals to specify word or byte 
transfers. 

Table 1 lists and defines the function of the control signals required or 
available for the user logic. 

Table 1 DRV1 1 -P Protocol Control Logic Signals 

Signal Function 



SEL DEV 0 L Select device 0 through 4. One of four lines asserted 

SEL DEV 2 L by decoding the device address and available to se- 

SEL DEV 4 L lect one of four user word registers. 
SEL DEV 6 L 

OUT LB L Out low byte, out high byte. Used to load (write) data 

OUT HB L into low byte (8 bits) or high byte (8 bits) or both 
bytes ( 1 6 bits) of the selected word register. 

IN WD L In word. Used to gate (read) data from the selected 

word register to the bus. 



The format for the device address selection is shown in Figure 2. A 
logical 1 is specified when no jumper lead is installed between the 
appropriate wire-wrap pin from A3-A12. A logical 0 is specified when a 
jumper lead is installed. 
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Interrupt Control Logic 

The interrupt control provides the circuits necessary to allow a pro- 
gram interrupt transaction between the bus and device. Two interrupt 
channels (A and B) are available to the user, with channel A assigned 
to the highest priority. Table 2 lists and defines the user-available 
signals associated with the interrupt control logic. 

Table 2 DRV11-P Interrupt Control Logic Signals 



Signal 



Function 



RQST A H Interrupt Request A. Asserted by device logic and 
sets the channel A interrupt request flip-flop when 
the channel A interrupt enable flip-flop is set. 

ENB DATA A Interrupt Enable A Data. Asserted by device logic 
H and sets the channel A interrupt enable flip-flop 

when the ENB CLK A signal is asserted. 

ENB CLK A Interrupt Enable A Clock. Asserted by device logic to 
cause the channel A interrupt enable flip-flop to be 
set when ENB DATA A signal is asserted. 

ENB A ST H Interrupt Enable A Status. Indicates the status of the 
channel A interrupt enable flip-flop. 

RQST B H Interrupt Request B. Same as RQST A H signal ex- 
cept controls channel B interrupts. 

ENB DATA B Interrupt Enable B Data. Same as ENB DATA A H 
H signal except controls channel B interrupts. 

ENB CLK B Interrupt Enable B Clock. Same as ENB CLK A signal 
except controls channel B interrupts. 

ENB B ST H Interrupt Enable B Status. Same as ENB A ST H 
except controls channel B interrupts. 

VECTOR H Interrupt Vector Gate. Used by device logic to gate 
vector address onto the bus and to generate BRPLY 
signal. 

VEC RQST H Vector Request. Asserted by device logic to specify 
that channel A vector address is required; negated 
to specify channel B vector address is required. 

INIT O L Initialize Out. Buffered BINIT L signal from bus used 

for general initialization. 
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Device Address Comparator 

The device address comparator (Figure 1, sheet 1) receives address 
bits D03 H-D12 H from the bus transceivers and compares these bits 
to the device address assignment bits (A03-A12) wired by the user on 
the DRV11-P module. If the two addresses compare, an ENB H signal 
is applied to the protocol logic. The device address comparator logic 
is designed around two type 8136 ICs. The user's device address is 
selected by means of wire-wrap pins. Wire-wrapping a device address 
pin to a ground pin makes that device address bit a zero. Device 
address bits which are to be ones are left unwrapped. These bits will 
be pulled up to +5V (one state) via resistors on the module. 
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Figure 1 DRV1 1 -P Block Diagram (Sheet 1 of 2) 
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Figure 1 DRV11 -P Block Diagram (Sheet 2 of 2) 
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Bus Transceivers 

Referring to Figure 1, sheet 1, data output lines D00 through D15 
reflect the state of the bus DBAL lines and will contain address and 
data information for any bus transfer, regardless of the device in- 
volved. Output data are usually clocked into a register for use by the 
interface or a peripheral since the length of time that the data are 
available on the bus during the bus cycle is very short. The device 
address comparator and the protocol logic determine if the data cur- 
rently on the D00-D15 lines are intended for the DRV11-P. 

Input data present at the IN00-IN15 lines will be applied to the bus 
when the TRANS ENB A, B, C, and D lines are asserted low. These 
lines are asserted by the protocol logic to gate data onto the bus at the 
proper time during a bus cycle when the data are addressed by the 
processor. The SEL DEV and IN WD lines would be driven by the 
protocol logic to select a user's register. The bus transceivers consist 
of four type 8641 ICs. 
Protocol Logic 

The protocol logic (Figure 1, sheet 1) functions as a register selector, 
providing the signals necessary to control data flow into and out of up 
to four user registers (eight bytes). Designed around a special 
DIGITAL IC (DC004), the protocol logic operates as follows: when the 
proper device address has been decoded by the device address com- 
parator, ENB H goes high, and is applied to a latch in the protocol 
logic. Address bits D01 H and D02 H are decoded by the protocol 
logic, producing one of the SEL DEV outputs, while bit D00 H and 
BWTBT are decoded for output word/byte selection (OUT HB L, OUT 
LB L). The device select lines (SEL DEV OL, 2L, 4L, 6L) and word/byte 
select lines (IN WD L, OUT HB L, OUT LB L) are for user application 
and are available at wire-wrap pins (WP). Table 3 lists and defines the 
wire-wrap pins associated with the protocol logic. Generally, each 
DEV SEL output is used to select one of four user's registers, and the 
word/byte lines are used to determine the type of transfer (word or 
byte) to or from these registers. The active state of the user's lines 
from the protocol logic is a low assertion and the lines are TTL-com- 
patible. The DEV SEL lines can sink up to 20 mA. Split lugs are provid- 
ed on the DRV11-P to accommodate C37. This capacitor may be in- 
stalled by the user to vary the delay between BDIN L, BDOUT L, and 
VECTOR H inputs and the BRPLY output. 

The BRPLY L signal is normally issued within 85 ns (max.) of receiving 
either BDIN L or BDOUT L, depending on the bus cycle. If the user's 
interface requires more time before ending the bus cycle, the BRPLY L 
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signal can be delayed up to a maximum of 10 us by adding capacitor 
C37 across the split lugs in the BRPLY delay circuit. 

The BRPLY L signal is also issued as the result of a signal on the 
VECTOR H input. This is used when transmitting the vector during an 
interrupt sequence. 
Interrupt Logic 

The interrupt logic (Figure 1, sheet 2) performs an interrupt transac- 
tion that uses the daisy-chain type arbitration scheme to assign 
priorities to peripheral devices. The DRV11-P interrupt logic has two 
channels (A and B) for generating two interrupt requests. Channel A 
has higher priority than channel B. If a user's device wants control of 
the LSI-1 1 bus, the interrupt enable flip-flop within the interrupt logic 
must first be set. This is accomplished by asserting (logical 1) the ENB 
DATA line and then clocking the enable flip-flop by asserting (positive 
transition) the ENB CLK line. With the interrupt enable flip-flop set, the 
user's device may then make a bus request by asserting (logical 1) 
RQST. When RQST is asserted, and if the interrupt enable flip-flop is 
set, the interrupt logic asserts (logical 0) BIRQ L, thus making a bus 
request. When the request is granted, the processor asserts (logical 0) 
BDIN L (Figure 1, sheet 1), which is applied to the interrupt logic as IN 
L (Figure 1 , sheet 2). IN L causes the interrupt logic to assert (logical 1 ) 
VECTOR H, which is applied to the vector generator. A vector is thus 
placed on the LSI-1 1 bus to indicate the starting address of the service 
routine for the user's device which made the bus request. 
As mentioned previously, two interrupt request channels (A and B) are 
contained within the interrupt logic. These channels can be used to 
service two user devices. However, because channel A has a higher 
priority than channel B, fast peripheral devices which cannot recover 
data if not serviced promptly should use channel A. 
There are three status lines from the DRV11-P interrupt logic available 
to the user. These are: ENB B ST H, ENB A ST H, and VEC RQST B H. 
ENB B ST H and ENB A ST H indicate the status of the interrupt logic 
interrupt enable flip-flops. Each line is asserted (logical 1) when the 
appropriate enable flip-flop is set. The VEC RQST B line is asserted 
(logical 1) when the user's device connected to channel B has been 
granted use of the bus. When VEC RQST B is unasserted (logical 0), 
the user's device connected to channel A of the interrupt logic has 
been granted use of the bus. These status lines can function as part of 
the user's control and status register (CSR), which can be constructed 
on the DRV 11 -P module. Additionally, the INIT 0 and INIT 0 H outputs 
from the interrupt logic can be used to initialize the user's logic. 
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Interrupt Vector Generator 

The interrupt vector generator (Figure 1, sheet 2) produces a vector 
which points to a location in memory containing the address of a 
service routine for the user's device-requesting interrupt service. The 
interrupt vector is selected by the user by means of wire-wrap pins on 
the DRV1 1-P. Vector bits V3 through V7 are hard-wired by the user for 
either logical 1s or Os. Wire-wrapping an interrupt vector pin to a 
ground pin makes that vector bit a 0. Vector bits which are to be 1s are 
left unwrapped. These bits will be pulled up to +5V ("one" state) via 
resistors on the DRV11-P. When VECTOR H from the interrupt logic 
goes high (logical 1), eight vector bits are gated onto the LSI-1 1 bus. It 
should be noted that the user can generally select the state of only six 
of the eight vector bits. The remaining bits, V00 and V01, are preset by 
the DRV11-P vector generator. With this arrangement, the user can 
select an interrupt vector in the normal user range of 0 to 374„. How- 
ever, by adding one gate to the interrupt vector generator encode 
logic, the user can accommodate nine bits in the vector and thus 
extend the interrupt to 774 8 . 

The interrupt vector generator is primarily designed around two type 
74157 multiplexer ICs. Each 74157 has two separate 4-bit inputs which 
are multiplexed. Thus, both 74157s can accommodate two 8-bit bytes, 
one of which is used for vector generation. This leaves one spare 8-bit 
input for user application. The spare input can be used to gate onto 
the bus the lower byte of the user's CSR on the DRV1 1-P. The data on 
the spare input can be gated to the LSI-1 1 bus by driving both SPARE 
ENB 0 and SPARE ENB 1 inputs low (logical 0). This is best accom- 
plished by using one of the SEL DEV lines from the protocol logic 
(Figure 1, sheet 1) along with the IN WD line. The actual use of the 
spare inputs is at the user's discretion, but SPARE ENB 0 and SPARE 
ENB 1 should not be permanently held low as this could affect the 
interrupt vector. If not used, these inputs should be connected to the 
+3V source. 

Interrupt Vector Selection 

As manufactured, the DRV11-P can generate vectors in the range 
from 0-374 8 . However, by adding one gate to the DRV11-P vector 
generation logic, the user can extend the vector to 774 8 . The user 
selects the interrupt vector by means of wire-wrap pins on the DRV1 1- 
P module. 

Figure 4 shows the vector select format and presents the wire-wrap 
pin-to-bit relationship for vector selection. Bits to be decoded as zero 
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bits in the interrupt vector are wire-wrapped to ground wire-wrap pins. 
Bits to be decoded as one bits are left unwrapped, as these bits are 
pulled up to the one state. 

It is recommended that WP5 (vector bit 2) be wrapped to WP21 (VEC 
RQST B H). This will automatically decode the least significant bit of 
the interrupt vector as a 0 or a 4. When the VECTOR H signal is issued 
as a result of the B half of the interrupt logic becoming bus master, the 
VEC RQST B H (WP5) signal is also issued, changing bit 2 of the 
interrupt vector, thus presenting a different vector for interrupt B. 

The VEC RQST B H line can be thought of as a one-bit code indicating 
which half of the interrupt logic is bus master. When bit 2 of the inter- 
rupt vector is a zero, the A half is bus master; a one indicates that the B 
half is master. 

Bus Receivers 

All LSI-1 1 bus data and control lines are fully buffered on the DRV1 1 -P 
module. Buffering for the data and address lines (BDAL) is accom- 
plished by the bus transceivers. Bus control lines (BWTBT, BDOUT, 
BDIN, BSYNC, BBSY, BIAKI, and BDMGI) are buffered on the DRV11- 
P with type 8640 bus receivers. These receivers are high-impedance 
receivers with the following input levels: 

High = 1.7Vmin. 
Low = 1 .3 V max. 

The receivers have standard TTL-compatible outputs which are made 
available (for most bus signals) to the user by means of wire-wrap 
pins. 

+3V Source 

There are two +3V wire-wrap pins on the DRV11-P module. These 
pins provide a source of +3V for pulling up unused TTL inputs. Each 
+3V source is capable of driving up to 13 TTL unit loads. The +3V 
sources are derived from resistor dividers placed across the +5V logic 
source. 

Wire-Wrap Pins 

There are 112 user I/O lines and 122 wire-wrap pins (not counting the 
40 pins for the I/O connector and the 70 pins for C and D module 
fingers) for user applications. The locations and functions of these 
pins are described in detail in Table 5. 
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CONFIGURATION 
General 

The DRV11-P (Figure 2) is a versatile wire-wrap module that contains 
interface logic for operation with the LSI-1 1 bus and provides ade- 
quate board area for mounting and connecting integrated circuits 
(ICs) or discrete components. Because the bus interface logic is in- 
cluded, the module can be efficiently configured by the user to satisfy 
a variety of device interface logic applications. 

A 40-pin connector mounted at the board edge connects to a device 
through several cable assembly types available from DIGITAL. 

Except for the bus interface connections, all signals and voltages are 
terminated to wire-wrap pins for user connections. The bus control 
logic is provided with wire-wrap test points for monitoring the internal 
signals. The test points are spaced at 0.254 cm (0.1 in.) between pins 
to let 40-pin connectors, be inserted over the wire-wrap pins for auto- 
mated test functions. 

Approximately two-thirds of the surface area on the module consists 
of plated-th rough holes, each connected to a wire-wrap pin. The user 
can mount three different types of dual-in-line ICs or a variety of dis- 
crete components into the holes and connect the proper voltages and 
signals by wire-wrapping leads on the board. 

Device Address Selection 

The DRV11-P will respond to up to four consecutive addresses in the 
bank 7 area (addresses between 160000 8 and 177776 8 ). The register 
addresses are sequential by even numbers and are as follows. 



Register BBS7 Octal Address 

1 1 16XXX0 

2 1 16XXX2 

3 1 16XXX4 

4 1 16XXX6 



The user selects a base ending in zero for assignment to the first 
register by means of wire-wrap pins on the DRV11-P module. The 
module decodes this base address and the remaining register ad- 
dresses are then properly decoded by the DRV11-P as they are 
received from the LSI-1 1 bus. 
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FOR ACCOMMODATING 
CABLE GROUNDS 
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REMOVE TO DISABLE 
VECTOR ADDRESSING 
(SEE TEXT) 
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O 
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USER WIRE-WRAP 
PINS F09 CONNECTING 
USER LOGIC TO *C 
AND *D" DRV1I-P 
MODULE FINGERS 



HAKI L • SIAKO L 
CONTINUITY JUMPER. 
REMOVE ONLY WHEN 
USING THECN2 AND 
CM2 MODULE FINGERS. 



BDMGI L - BDMGO L 
CONTINUITY JUMPER. 
REMOVE ONLY WHEN 
USING THECR2 AND 
C$2 MODULE FINGERS. 



»3V WIRE-WRAP PIN 
FOR PUUING-UP 
UNUSED GATE 
INPUTS, ETC. 



BDMGI L - BDMGO L 
CONTINUITY JUMPER. 
REMO/E ONLY WHEN 
DMA GRANT ARBITRATION 
LOGIC IS CONSTRUCTED 
ON DRVI1-P MODULE. 



SPLIT LUGS TO ACCOMMODATE 
EXTERNAL CAPACITOR (CSV) WHEN 
ADJUSTING DELAY BETWEEN 
BDIN L, BOOUT L, AND 



Figure 2 DRV1 1 -P Component Mounting Locations 
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Figure 3 shows the address select format and presents the wire-wrap 
pin-to-bit relationship for device address selection. Bits to be decoded 
as 0 bits in the base address are wire-wrapped to ground wire-wrap 
pins (WP). Bits to be decoded as 1 bits are left unwrapped as these 
bits are pulled up to the 1 state. 



SELECTED BY WIRE -WRAP PINS 



DECODED FOR 
I OF 4 
REGISTERS 




Figure 3 DRV1 1 -P Device Address Select Format 



Interrupt Vector Logic — The interrupt vector logic is used in con- 
junction with the interrupt control logic to generate a vector on bus 
lines BDAL 00 L-BDAL 07 L. The interrupt vector is specified by the 
user and selected by installing jumper leads between wire-wrap pins 
on the M7948 module. The vectors available are from 0 to 374 e . The 
vector range can be increased from 0 to 774 8 with additional logic and 
wiring. 

When the VECTOR H signal is asserted as a result of a device interrupt 
request, the interrupt vector is placed on the bus lines. 

Wire-wrap pins V3 through V7 are used to assign the vector bits. A 
jumper lead installed selects a logical 0 address bit for its associated 
line and no lead selects a logical 1 address bit according to the format 
in Figure 4. 

Bit BDAL 02 L can be connected to the device interrupt request RQST 
A signal to specify a separate vector address for channel A and chan- 
nel B. 
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SEE TEXT. 
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BITS IN THE 
ADDRESS 




WP |_ 



1 



- FROM INTERRUPT LOGIC 



Figure 4 DRV11-P Vector Selection 



Status and control information can be multiplexed through the same 
logic used to generate the vector address. Up to eight status and 
control bits can be assigned by the user and transferred to bus lines 
BDAL 00 L-BDAL 07 L. The information can be gated onto the bus 
lines using a select level generated by the address decoding logic. 

Component Mounting Area 

General — Twelve vertical areas (A-L) are available on the M7948 
module for mounting integrated circuits or discrete components as 
shown on Figure 2. Each area has a double row of wire-wrap pins that 
connect to an associated plated-th rough hole located at 0.254 cm (0.1 
in.) vertical spacing. Area A is for multi-use and is capable of accept- 
ing ICs with pin centers at 0.762 cm (0.3 in.), 1.01 cm (0.4 in.), or 1.52 
cm (0.6 in.). Area K will also accept ICs with pin centers at 0.762 cm or 
1.01 cm. All remaining areas will accept only ICs with pin centers at 
0.762 cm. 

Table 3 lists the total number of ICs with 0.762 cm spacing that can be 
mounted in the user areas A through L of the module. 



Table 3 DRV11-PIC Mounting Area 



IC Type Total Number 

14-pin 60 
16-pin 52 
18-pin 44 
20-pin 44 
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Connector Wire Wrap Pins — The 36 contact pins in rows C and D at 
the edge of the module connect to a double row of wire-wrap pins. 
These two rows are made available to the user for connecting signals 
and voltages from the backplane to the user-installed logic circuits. 
The following pins of rows C and 0 are normally dedicated to +5V and 
GND. 

The user can connect the power to the IC or components using the row 
C and row D wire-wrap pins. 

+5V CA2, DA2 

GND CJ1.CM1.CT1 

DJ1, DM1, DT1 

CC2, DD2 

Device Signals — Input and output data and status and control sig- 
nals can be transferred between the device and the DRV11-P module 
using any one of several cable assemblies listed in Table 4 and 
available from DIGITAL. One end of each cable is terminated with a 
40-pin female connector which mates with the 40-pin male connector 
J1 mounted on the M7948 module. The pins of J1 connect to the user- 
installed logic through a series of wire-wrap pins. 



Table 4 Recommended Cable Assemblies 



Cable No. 


Connectors 


Type 


Length (XX) 


BC07A-XX 


H856 to open end 


20-twisted pair 


10,15, 25 


BC07D-XX 


H856 to open end 


2, 20-conductor 


10, 15,25 






ribbon 




BC08R-XX 


H856 to H856 


Shielded flat 


1,6, 10, 12 








20, 25, 50, 75, 








100 


BC04Z-XX 


H856 to open end 


Shielded flat 


6, 10, 15, 25, 








50 



User Pin Selection 

The DRV1 1-P provides many wire-wrap pins for the user to select that 
will assist him in determining his configuration. These pins and their 
functions are listed in Table 5. 
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Table 5 User Wire-Wrap Pins 



Wire-Wrap Pin: WP1 Mnemonic: SPARE 0 

Function: Spare input to the vector address multiplexer. 

This input can be used to read part of a control/status register. 

Wire-Wrap Pin: WP2 Mnemonic: SPARE 3 
Function: SeeWPL 

Wire-Wrap Pin: WP3 Mnemonic: 

Function: Ground for vector address bit V3. See WP23. 

Wire-Wrap Pin: WP4 Mnemonic: SPARE 1 

Function: SeeWPL 

Wire-Wrap Pin: WP5 Mnemonic: V2 

Function: Vector address bit 2. 

Wire-Wrap Pin: WP6 Mnemonic: ENBCLK A H 
Function: ENB CLK A H is the clock input to the enable A 

flip-flop of the A interrupt logic. When ENB CLK A H goes high, ENB 
DATA A is clocked into the enable A flip-flop. 

Wire-Wrap Pin: WP7 Mnemonic: SPARE 2 
Function: SeeWPL 

Wire-Wrap Pin: WP8 Mnemonic: ENB B ST H 

Function: ENB B ST H is the status output from the en- 

able B flip-flop of the B interrupt logic. When ENB B ST H is high, the 
enable B flip-flop is set. 

Wire-Wrap Pin: WP9 Mnemonic: IAKI L 

Function: Test point for the BIAKI bus signal. BIAKI L is 

the processor's response to BIRQ L and is daisy-chained such that the 
first requesting device blocks the signal propagation. Non-requesting 
devices pass the signal on as BIAKO L The leading edge of BIAKI L 
causes BIRQ L to be unasserted by the requesting device. 

Wire-Wrap Pin: WP10 Mnemonic: D01 L 
Function: Test point for data/address bit 1. Useful when 

testing the protocol logic. D01 is latched in the protocol logic at the 
asserted edge of BSYNC L. D01 and D02 are decoded to produce the 
SEL DEV outputs. 

Wire-Wrap Pin: WP11 Mnemonic: BWTBTL 
Function: Test point for the BWTBT bus signal; while 

BDOUT L is asserted, BWTBT L indicates a byte or word operation: 
BWTBT L asserted indicates byte operation; BWTBT L unasserted 
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indicates word operation. BWTBT L decoded with BDOUT L and BDAL 
0 L forms OUT LB L or OUT HB L. 

Wire-Wrap Pin: WP12 Mnemonic: R X C X 

Function: Test point for monitoring the delay of BRPLY. 

Wire-Wrap Pin: WP13 Mnemonic: BSYNCH 

Function: Test point for the BSYNC L bus signal. BSYNC 

L indicates that the address is valid. At the assertion of BSYNC L, 
address information is trapped in four latches. While unasserted, dis- 
ables all outputs except the vector term of BRPLY L. BSYNC L is held 
throughout the entire bus cycle. 

Wire-Wrap Pin: WP14 Mnemonic: DOOH 

Function: One of 16 data or address lines from the trans- 

ceivers for user applications. Address bit 0 is used for byte selection: 0 
= low byte; 1 = high byte. 

Wire-Wrap Pin: WP15 Mnemonic: BDOUT L 

Function: Test point for the BDOUT L bus signal. BDOUT 

L is a strobe signal to effect a data output transaction. BDOUT L is 
decoded with BWTBT L and BDALO to form OUT LB L and OUT HB L. 
BDOUT L also causes BRPLY L to be issued through the delay circuit. 

Wire-Wrap Pin: WP16 Mnemonic: IN WD L 
Function: In word (IN WD) is used to gate input data from 

a selected register onto the LSI-11 bus. Enabled by BSYNC L and 
strobed by BDIN L. 

Wire-Wrap Pin: WP17 Mnemonic: D01 H 
Function: One of 1 6 data or address lines from the trans- 

ceivers for user applications. 

Wire-Wrap Pin: WP18 Mnemonic: INITOL 

Function: An initialize signal (asserted low) for user ap- 

plications. 

Wire-Wrap Pin: WP19 Mnemonic: INITOH 

Function: An initialize signal (asserted high) for user 

applications. 

Wire-Wrap Pin: WP20 Mnemonic: BRPLY L 

Function: Test point for the BRPLY L bus signal. BRPLY 

L is generated by VECTOR H (vector term) or by BSYNC and ENB in 
combination with either BDIN L or DBOUT L. Capacitor C37 can be 
added by the user to extend the delay. 
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Wire-Wrap Pin: WP21 Mnemonic: VECRQSTBH 

Function: Used to distinguish whether device A or device 

B is making a request. VECT RQST B H is asserted for device B 
requests and unasserted for device A requests. 

Wire-Wrap Pin: WP22 Mnemonic: RQST AH 
Function: When RQST A H is asserted, the bus request 

flip-flop is enabled, and BIRQ L becomes asserted if the interrupt 
enable flip-flop is set. 

Wire-Wrap Pin: WP23 Mnemonic: V3 

Function: Vector address bit 3. WP23 is used to select 

the state of vector address bit 3. When not wrapped to a ground pin, 

vector address bit 3 is a 1 . When wrapped to WP3, vector address bit 3 

isaO. 

Wire-Wrap Pin: WP24 Mnemonic: ENB DATA A H 

Function: Interrupt enable A data line. The level on this 

line, in conjunction with the ENB CLK A H (see WP6) line, determines 
the state of the A interrupt enable flip-flop within the interrupt logic. 

Wire-Wrap Pin: WP25 Mnemonic: BIAKOL 

Function: Test point for the BIAKO L bus signal. BIAKO L 

is the daisy-chained signal that is passed by all devices not requesting 
interrupt service (see WP9). 

Wire-Wrap Pin: WP26 Mnemonic: ENB CLK BH 

Function: ENB CLK B H is the clock input to the enable B 

flip-flop of the B interrupt logic. When ENB CLK B H goes high, ENB 
DATA B is clocked into the enable B flip-flop. 

Wire-Wrap Pin: WP27 Mnemonic: ENB DATA BH 

Function: Interrupt enable B data line. The level on this 

line, in conjunction with the ENB CLK B H (see WP26) lines, deter- 
mines the state of the B interrupt enable flip-flop within the interrupt 
logic. 

Wire-Wrap Pin: WP28 Mnemonic: RQST B H 

Function: When RQST B H is asserted, the bus request 

flip-flop for device B in the interrupt logic is enabled, and BIRQ L 
becomes asserted if the interrupt enable flip-flop is set. 

Wire-Wrap Pin: WP29 Mnemonic: VECTOR H 

Function: Test point for VECTOR H. This signal causes 

BRPLY L (vector term) to be generated through a delay independent 
of BSYNC L and ENB H. VECTOR H also gates the vector address onto 
the LSI-1 1 bus via the vector address generator. 
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Wire-Wrap Pin: WP30 Mnemonic: D02L 
Function: Test point for data/address bit 2. Useful when 

testing the protocol logic. D02 is latched at the asserted edge of 
BSYNC L. D02 and D01 are decoded to produce the SEL DEV outputs. 

Wire-Wrap Pin: WP31 Mnemonic: ENBH 

Function: Test point for ENB H. This signal is the result of 

a compare between the device address on the LSI-11 bus and the 
device address established by the user. When the addresses com- 
pare, ENB H is asserted and sent to the protocol logic. 

Wire-Wrap Pin: WP32 Mnemonic: SEL DEV 6 L 
Function: One of four select signals that is true as a func- 

tion of BDAL1 L and BDAL2 L if ENB H (see WP31) is asserted at the 
asserted edge of BSYNC L. The four select signals indicate that a 
user's register has been selected for a data transaction. The select 
signals remain asserted until BSYNC L becomes unasserted. 

Wire-Wrap Pin: WP33 Mnemonic: SEL DEV 4 L 

Function: See WP32. 

Wire-Wrap Pin: WP34 Mnemonic: SEL DEV 2 L 

Function: See WP32. 

Wire-Wrap Pin: WP35 Mnemonic: SEL DEV OL 

Function: See WP32. 

Wire-Wrap Pin: WP36 Mnemonic: OUT LB L 

Function: Out low byte is used to load (write) data into 

the low byte of a selected user register. See WP37. 

Wire-Wrap Pin: WP37 Mnemonic: OUT HB L 

Function: Out high byte is used to load (write) data into 

the high byte of a selected user register. If used with OUT LB L, the 
higher, lower, or both bytes can be written. OUT HB L is enabled by 
BSYNC L and the decode of BWTBT L and BDALO L, and strobed by 
BDOUT L. 

Wire-Wrap Pin: WP38 Mnemonic: BIRQL 

Function: Test point for the BIRQ L bus signal. This sig- 

nal is asserted by a device needing interrupt service. 

Wire-Wrap Pin: WP39 Mnemonic: BDMGOL 
Function: This signal is generated by DMA devices as a 

result of arbitrating the BDMGI L line. Jumper W2 must be removed if 
the DRV1 1 -P is to be used for DMA service. 
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Wire-Wrap Pin: WP40 Mnemonic: BDMGI H 

Function: Used as a source for the BDMGI signal to drive 

the user's DMA request arbitration logic. See WP39. 

Wire-Wrap Pin: WP41 Mnemonic: ENBASTH 

Function: ENB A ST H is the status output from the en- 

able A flip-flop of the A interrupt logic. When ENB A ST H is high, the 
enable A flip-flop is set. 

Wire-Wrap Pin: WP42 Mnemonic: A12 

Function: Used to select the user's device address along 

with WP45, 44, 43, 47, 48, 46, 51, 49, 50. When not wrapped to a 

ground pin, the particular device address bit will be a 1. When 

wrapped to a ground pin (WP62 for bit A12), the particular bit will be a 

0. 



Wire-Wrap 
Function: 

ground pin 

Wire-Wrap 
Function: 

ground pin 

Wire-Wrap 
Function: 

ground pin 

Wire-Wrap 
Function: 

ground pin 

Wire-Wrap 
Function: 

ground pin 



Pin: 

is WP63. 
Pin: 

is WP64. 
Pin: 

is WP65. 
Pin: 

isWP66. 
Pin: 

is WP67. 
Pin: 



Wire-Wrap 
Function: 

ground pin is WP68. 

Wire-Wrap Pin: 
Function: 

ground pin is WP69. 

Wire-Wrap Pin: 
Function: 

ground pin is WP70. 



WP43 Mnemonic: A09 

User's device address bit 9. The associated 
See WP42. 

WP44 Mnemonic: A10 

User's device address bit 10. The associated 
See WP42. 

WP45 Mnemonic: A11 

User's device address bit 11. The associated 
See WP42. 

WP46 Mnemonic: A06 

User's device address bit 6. The associated 
See WP42. 

WP47 Mnemonic: A08 

User's device address bit 8. The associated 
See WP42. 

WP48 Mnemonic: A07 

User's device address bit 7. The associated 
See WP42. 

WP49 Mnemonic: A04 

User's device address bit 4. The associated 
See WP42. 

WP50 Mnemonic: A03 
User's device address bit 3. The associated 
See WP42. 
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Wire-Wrap Pin: WP51 Mnemonic: A05 

Function: User's device address bit 5. The associated 

ground pin is WP71. See WP42. 

Wire-Wrap Pin: WP52 Mnemonic: SPARE 4 

Function: SeeWPL 

Wire-Wrap Pin: WP53 Mnemonic: V4 

Function: Vector address bit 3. The associated ground 

pin is WP73. See WP23. 

Wire-Wrap Pin: WP54 Mnemonic: V7 

Function: Vector address bit 7. The associated ground 

pin is WP74. See WP23. 

Wire-Wrap Pin: WP55 Mnemonic: V5 

Function: Vector address bit 5. The associated ground 

pin is WP75. See WP23. 

Wire-Wrap Pin: WP56 Mnemonic: V6 

Function: Vector address bit 6. The associated ground 

pin is WP76. See WP23. 

Wire-Wrap Pin: WP57 Mnemonic: IN03H 
Function: One of 16 data or address lines to the trans- 

ceivers for user applications. 

Wire-Wrap Pin: WP58 Mnemonic: SPARE ENBO 

Function: SPARE ENB 0 and SPARE ENB 1 (WP59) both 

must be driven low to write data from SPARE inputs 0 through 7 to the 
LSI-11 bus via the transceiver. For 8-bit input applications, SPARE 
ENB 0 could be driven by one of the SEL DEV lines, while SPARE ENB 
1 could be driven by IN WD L. 

Wire-Wrap Pin: WP59 Mnemonic: SPARE ENB 1 

Function: See WP58. 

Wire-Wrap Pin: WP60 Mnemonic: INOOH 
Function: See WP57. 

Wire-Wrap Pin: WP61 Mnemonic: D09H 

Function: SeeWP17. 

Wire-Wrap Pin: WP62 Mnemonic: 

Function: Ground for user's device address bit A12. See 

WP42. 

Wire-Wrap Pin: WP63 Mnemonic: 

Function: Ground for user's device address bit A09. See 

WP42. 
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Wire-Wrap Pin: 
Function: 

WP42. 

Wire-Wrap Pin: 
Function: 

WP42. 

Wire-Wrap Pin: 
Function: 

WP42. 

Wire-Wrap Pin: 
Function: 

WP42. 

Wire-Wrap Pin: 

Function: 

WP42. 

Wire-Wrap Pin: 
Function: 

WP42. 

Wire-Wrap Pin: 
Function: 

WP42. 

Wire-Wrap Pin: 
Function: 

WP42. 



WP64 Mnemonic: 

Ground for user's device address bit A10. See 

WP65 Mnemonic: 

Ground for user's device address bit A1 1 . See 

WP66 Mnemonic: 

Ground for user's device address bit A06. See 

WP67 Mnemonic: 

Ground for user's device address bit A08. See 

WP68 Mnemonic: 

Ground for user's device address bit A07. See 

WP69 Mnemonic: 

Ground for user's device address bit A04. See 

WP70 Mnemonic: 

Ground for user's device address bit A03. See 

WP71 Mnemonic: 

Ground for user's device address bit A05. See 



Wire-Wrap Pin: WP72 Mnemonic: D04H 
Function: SeeWP17. 
Wire-Wrap Pin: WP73 Mnemonic- 
Function: Ground for vector address bit V4. See WP23. 

Wire-Wrap Pin: WP74 Mnemonic: 

Function: Ground for vector address bit V5. See WP23. 

Wire-Wrap Pin: WP75 Mnemonic: 

Function: Ground for vector address bit V6. See WP23. 

Wire-Wrap Pin: WP76 Mnemonic: 

Function: Ground for vector address bit V7. See WP23. 

Wire-Wrap Pin: WP77 Mnemonic: BBS7H 

Function: Test point for the bank 7 select (BBS7) bus 
signal. This line is asserted by the bus master when an address in the 
upper bank is placed on the LSI-1 1 bus. 
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Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

11 bus. Both TRANS 



WP78 Mnemonic: SPARE 6 
SeeWPL 

WP79 Mnemonic: D02H 
See WP17. 



WP80 
See WP57. 

WP81 
See WP17. 

WP82 
See WP57. 

WP83 
SeeWP17. 

WP84 
SeeWP17. 

WP85 
SeeWP17. 

WP86 
See WP57. 

WP87 
SeeWP17. 



Mnemonic: IN02H 



Mnemonic: D15H 



Mnemonic: IN 13 H 



Mnemonic: D14H 



Mnemonic: D13H 



Mnemonic: D12H 



Mnemonic: IN 12 H 



Mnemonic: D03H 



WP88 Mnemonic: 
SeeWP17. 



D07H 



WP89 Mnemonic: IN10H 
See WP57. 



WP90 
SeeWPL 



Mnemonic: SPARE 7 



WP91 Mnemonic: D10H 
See WP17. 

WP92 Mnemonic: IN09H 
See WP57. 

WP93 Mnemonic: 
Not used. 

WP94 Mnemonic: TRANS ENBCL 
Enables user's data to be placed onto the LSI- 
ENB C and A (WP94 and WP120) and TRANS 
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ENB D and B (WP95 and WP100) must be driven low prior to the 
processor's read data time. 

Wire-Wrap Pin: WP95 Mnemonic: TRANS ENB D L 

Function: See WP94. 

WP96 Mnemonic: IN 01 H 

See WP57. 

WP97 Mnemonic: VEC ENB H 
Test point for VEC ENB H. This signal gates the 
vector to the LSI-1 1 bus, provided that jumper W4 has not been re- 
moved. WP97 can be used as the source for VEC ENB H when adding 
an additional gate to the DRV1 1-P for vector expansion up to 774 8 . 



Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 



Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

jumper W4 is removed. 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 



WP98 Mnemonic: IN06H 
See WP57. 

WP99 Mnemonic: IN04H 
See WP57. 



WP100 Mnemonic: TRANS ENB B L 
See WP94. 

WP101 Mnemonic: IN15H 
See WP57. 

WP102 Mnemonic: IN14H 
See WP57. 

WP103 Mnemonic: 

Used to pull up the VEC ENB H line when 



WP104 
Not used. 

WP105 
Not used. 

WP106 
SeeWP17. 

WP107 
SeeWP17. 



Mnemonic: 



Mnemonic: 



Mnemonic: D08H 



Mnemonic: D06H 



WP108 Mnemonic: IN 11 H 
See WP57. 

WP109 Mnemonic: D11 H 
SeeWP17. 
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Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 



WP110 Mnemonic: 
Not used. 

WP111 Mnemonic: 
Not used. 



WP112 
SeeWPL 



Mnemonic: SPARE 5 



WP113 Mnemonic: IN08H 
See WP57. 



WP114 
Not used. 



Mnemonic: 



WP115 Mnemonic: BSYNC H 



Test point for BSYNC H. At the asserted edge 
of this signal, address information is trapped in four latches. BSYNC H 
is the inversion of BSYNC L. See WP13. 



Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 

Wire-Wrap Pin: 
Function: 



WP116 Mnemonic: 
Not used. 

WP117 Mnemonic: D05 H 
SeeWP17. 

WP118 Mnemonic: IN07H 
See WP57. 

WP119 Mnemonic: IN05H 
See WP57. 



WP120 Mnemonic: 
SeeWP94. 



TRANS ENB A L 



Wire-Wrap Pin: +3V Mnemonic: 

Function: There are two +3V source wire-wrap pins on 

the DRV11-P. Each +3V source can drive up to 13 TTL unit loads. 
These sources can be used for pulling up unused TTL inputs. 
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DUV11 LINE INTERFACE 
GENERAL 

The DUV1 1 line interface is a buffered, program-controlled, single-line 
communications interface device which is used to establish a data 
communications line between any LSI- 11 bus and a Bell 201 synchro- 
nous modem or the equivalent. The module is fully programmable 
with respect to sync characters, character length (5 to 8 bits), and 
parity selection. The DUV1 1 provides serial-to-parallel and parallel-to- 
serial data communications, buffers TTL-to-EIA voltage levels and 
ElA-to-TTL voltage levels, and controls the modem for half- or full- 
duplex operation. 

FEATURES 

• Interfaces synchronous and isochronous communications data 

• Supports bisynchronous communications data 

• Interface signals meet EIA RS-232C standard 

• Operates in full-duplex or half-duplex modes 

• Maximum baud rate is 19.2K baud 

• Uses variable length characters (5, 6, 7, or 8 bits plus parity) 

• Generates odd or even parity bits that are transmitted with the data 
character to the modem 

• Verifies received character parity 

• Inhibits transmitter output for maintenance purposes 

• Provides control signals to the modem and monitors the modem 
status lines 

• Establishes synchronization prior to receiving data 

• Generates program interrupt requests 



SPECIFICATIONS 

Identification 

Size 
Power 

Bus Loads 
AC 
DC 



M7951 
Quad 

+5Vdc ±5%at0.86A 
+12Vdc±3%at0.32A 

1 
1 
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DESCRIPTION 
General 

The DUV11 interface module comprises six functions that control the 
data flow between an LSI-1 1 bus and a Bell 201 modem or the equi- 
valent. The major functions, shown in Figure 1, are address compara- 
tor/command decoder, data multiplexer, modem interface logic, re- 
ceiver logic, transmitter logic, and interrupt control logic. The address 
comparator provides addressable access to the LSI-1 1 bus and the 
command decoder receives its control from the LSI-1 1 bus via the 
address comparator and direct connections. The data multiplexer re- 
ceives status data from the modem interface logic, the receiver logic, 
and the transmitter logic. It also controls the data and status 
information to the transceivers which is output to the LSI-1 1 bus. The 
modem interface logic converts the TTL logic levels to the EIA voltage 
levels required by the Bell 201 modem. It also contains the transmit 
data line to the modem and the serial data input line and has access to 
the modem control signals. The receiver logic accepts the EIA serial 
input and converts it into parallel data for the LSI-1 1 bus. The trans- 
mitter logic converts the parallel LSI-1 1 bus data into serial data for 
transmission over the communications lines. The interrupt control log- 
ic enables the DUV1 1 module to become bus master over the LSI-1 1 
bus by generating a program interrupt to an interrupt address vector. 

Address Comparator 

The address comparator logic is made up of the bus transceivers and 
address/vector rocker switches. The rocker switches are set before 
operating the DUV11. When the processor addresses the DUV11, the 
bus transceivers compare the preset address with the address on the 
LSI-1 1 bus (BDAL 00 through 15). If they compare, the MATCH signal 
is asserted, which enables the command decoder (DC004 chip). Infor- 
mation then received at the transceivers is passed from the LSI-1 1 bus 
to the QDL bus (QDL 00 through 15) under control of the command 
decoder. Signal INWDB H enables the transceivers to receive data 
from the Q bus and place that data onto the QDL bus. This signal 
originates from the Q bus as BDIN L, which is driven to become DIN L. 
DIN L is applied to the command decoder and is output at INWD L 
when MATCH is asserted by the address comparator. INWD L is then 
gated to become INWDB L. Similarly, the signals SEL 0 L, SEL 2 L, and 
SEL 4 L, which are functions of QDL 00, QDL 01, and QDL 02 when 
MATCH is asserted to the command decoder, are gated to become EN 
QDL TO BDAL. This signal enables data from the QDL bus which is 
applied to the transceivers to pass on to the LSI-1 1 bus. 
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Command Decoder (DC004) 

The command decoder logic controls the flow of data into the status 
registers within the DUV1 1 and the passage of status information and 
data back out to the CPU. 

The signals that enable the registers of the DUV11, such as LD 
PARCSR, LD TXDBUF, etc., are generated by gating the outputs of the 
command decoder. This logic receives bits 0 through 2 from the QDL 
bus. When the address comparator outputs MATCH, these bus bits 
cause the command decoder logic to output the proper select signal. 
For example, if the control logic selector asserts SEL 6 L along with 
OUTLB L, the resultant gated output is LD TXDBUF (1) L, which causes 
the transmitter data buffer to load parallel data from the QDL bus. 

Data Multiplexer 

The data multiplexer controls the passage of DUV11 status signals 
and data to the bus transceivers for output to the CPU. Two signals, 
SEL 2 L and SEL 4 L, enable the selection of status signals and data 
which will pass on to the QDL bus. 

Modem Interface Logic 

The modem interface logic contains level converters to change the 
logic level signals to the operating voltage levels of the Bell 201 mo- 
dem. All logic signals ranging from 2.4V to 3.5V are converted to +6V. 
All ground (0V) logic signals are converted to -6V. 

Receiver Control Logic 

The receiver circuitry contains the synchronous/asynchronous receiv- 
er chip (SAR) and its supportive logic. Within the SAR, serial data 
received from the modem are converted to parallel data for output to 
the QDL bus. Parameter data are supplied via the QDL bus. PARCSR 
(1) L loads this data into the SAR. Having stored these parameters, the 
receiver detects the serial received character, accomplishes syn- 
chronization, frames the received character, detects errors, raises the 
RX DONE flag, and holds the framed character (for program reading) 
until the next character is framed. 

Once the RCVR logic is enabled, it operates as programmed. The SCH 
SYNC input enables the RCVR logic. The contents of the PARCSR 
determine: 

1. Mode of operation (internal synchronous, external synchronous, 
or isochronous) 

2. Length of character to be framed (5, 6, 7, or 8 bits plus parity) 
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3. Parity (enabled or disabled) 

4. Parity sense (odd or even) 

5. Sync character configuration 

The method of achieving synchronization is the principal difference 
between the modes of operation. 

1. In the internal synchronous mode, two contiguous sync charac- 
ters must be recognized by the RCVR logic to achieve 
synchronization. Once synchronization is achieved, the RCVR 
starts framing on the very next character bit. The received charac- 
ters must arrive at the RCVR in a continuous serial bit stream or 
synchronization will be lost. 

2. The external synchronous mode is designed for use with com- 
munication equipment which accomplishes synchronization ex- 
ternal to the DUV1 1 interface. The external synchronization logic 
prohibits RCVR operation by inhibiting the assertion of SCH 
SYNC until synchronization with the XMTR has been achieved. 
When external synchronization is achieved, SCH SYNC asserts, 
forcing the RCVR logic to the synchronized state. The RCVR then 
starts framing immediately, beginning with the next character bit. 

3. In the isochronous mode, each received character is preceded by 
a start bit and succeeded by a stop bit, which serves to synchron- 
ize the RCVR. In this mode, the receiver simply does not start 
framing until it recognizes a start bit. It then frames the character 
following the start bit and looks for a stop bit. If a stop bit is not 
detected, the character received is considered invalid, flagged as 
such, and held for reading by the program. Hence, in the isochro- 
nous mode, characters need not be preceded by sync characters 
and need not arrive contiguously at the RCVR. 

The strip synchronization character (STRIP SYNC) input determines 
whether received sync characters are to be permitted to set the RX 
DONE flag. If STRIP SYNC is asserted, all sync characters are discard- 
ed provided no errors are detected. 

Transmitter Control Logic 

The transmitter circuitry contains the synchronous/asynchronous 
transmitter chip (SAT) and its supportive logic. The SAT accepts par- 
allel characters from the program, raises the TX DONE flag to request 
the next character, and serially outputs the current character to the 
modem. Before the transmitter operation can begin, the transmitter 
logic must be initialized and the PARCSR and TXCSR registers pro- 
grammed. 
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The high-order bits from the QDL bus are loaded into the XCSR when 
signal LD TXCSR HB H is asserted. The low-order bits are loaded into 
the TXCSR when LD TXCSR LB H is asserted. The signal LD PARCSR 
(1) L asserted enables parameter data into the SAT. 

The signal SEND (1) H enables the transmitter logic. Once the trans- 
mitter is enabled, it operates as programmed. The contents of the 
PARCSR determine: 

1 . Mode of operation (synchronous or isochronous) 

2. Length of character to be transmitted (5, 6, 7, or 8 bits plus parity) 

3. Parity (enabled or disabled) 

4. Parity sense (odd or even) 

5. Sync character configuration (used as fill character in synchro- 
nous mode) 

There are distinct differences between the two modes of operation: 

1. In the synchronous mode, the XMTR receives a parallel transmit 
character from the program, generates parity if programmed, 
serially outputs the character plus parity to the modem, and raises 
the TX DONE flag to request the next character. If the program 
fails to provide the next character before transmission of the cur- 
rent character is complete, the XMTR outputs fill characters to 
maintain continuous transmission until another data character is 
provided. Whenever a fill character is transmitted, the data not 
available (DNA) flag is raised to notify the program of fill character 
transmission. 

2. In the isochronous mode, the XMTR receives a parallel transmit 
character from the program, generates parity if programmed, out- 
puts a start bit, serially outputs the character plus parity, outputs a 
stop bit, and raises the TX DONE flag to request the next charac- 
ter. However, in the isochronous mode, if the program fails to 
provide the next character before transmission of the current 
character is complete, the XMTR simply pauses until the next 
character is provided. Hence, the DNA flag is never used in the 
isochronous mode. 

The break input inhibits the XMTR output. Whenever the TXCSR break 
bit is set, the break input to the XMTR logic asserts and inhibits the 
XMTR output. This input enables the program to inhibit the XMTR 
output, while inputting data directly to the RCVR via the RCVR input 
select logic in the internal and external loop maintenance modes. 
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Interrupt Control Logic 

The interrupt control logic consists of two DC003 chips and associated 
driving circuitry. When the interrupt control logic receives either 
RXDONE (1) H, TXDONE (1) H, DATA SET CH (1) H, or DNA H with 
their associated interrupt enable signal, it generates BIRQ L (interrupt 
request) to the processor. The processor responds with BIAKI L (inter- 
rupt acknowledge in), which searches the logic for the originator of the 
interrupt. If the interrupt was not originated at the DUV11, the signal 
BIAKO L (interrupt acknowledge out) is passed through with no action 
taken. If the DUV11 had originated the request, EN VEC TO BUS H is 
asserted and, depending on the particular interrupt, EN UPPER VEC H 
may also be asserted. This signal asserted then causes the addressing 
logic to load, onto the LSI-1 1 bus, the contents of the preset vector 
address rocker switches. The processor will then perform the prepro- 
grammed subroutine for that interrupt vector address. 

Clear Logic 

The clear logic generates clear (CLR) and optional clear (OPT CLR), 
which initialize all DUV1 1 logic. The INIT signal or MSTRST asserted 
will activate the clear signals. INIT is a function of BINIT, which is 
received by the interface whenever the computer activates the GO 
function, the processor executes a reset instruction, or the power-fail 
sequence occurs. The clear logic outputs are asserted as long as the 
BINIT signal remains low. MSTRST is program-controlled and is gen- 
erated by setting bit 8 of the TXCSR. When bit 8 of the TXCSR is set 
and LD TXCSR HB goes low, a 3 ^s one-shot asserts MSTRST and the 
clear signals remain active for the duration of the one-shot. 

The OPT CLR output resets RXCSR bits 1, 2, and 3 and thereby clears 
the control lines to the modem. By not selecting SW1 option switch, 
OPT CLR is disabled, allowing the DUV1 1 to be cleared without having 
to repeat the handshaking sequence. BRPLY is also inhibited as long 
as CLR is asserted. 

Clock Control Logic 

The clock control logic decodes the maintenance mode select bits and 
assigns the transmitter and receiver clocks. There are three possible 
clock sources: the modem, the programmable SS CLK (single step 
clock), and the system test clock. If the normal operating mode is 
decoded, the modem clocks are selected. MSOO (0) H is asserted, 
enabling the modem clock inputs (TRS CLK, and REC CLK). If the 
internal loop or external loop maintenance mode is decoded, the SS 
CLK is selected. This program-controlled clock can be operated very 
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slowly to facilitate troubleshooting. In the internal loop mode, MSOO (1) 
H is asserted, enabling SS CLK (1) H. In the external loop mode, MS01 
(1) H and MSOO (0) H are asserted, enabling SS CLK (0) H, TRS CLK, 
and REC CLK. SS CLK (0) H drives CLK EXT, which is routed to the 
modem test connector, looped back and applied to the TRS CLK and 
REC CLK inputs. If the system test mode is decoded, the system test 
clock is selected. This output provides an asynchronous clocking 
source for the system test mode. MS01 (1) H and MSOO (0) H are 
asserted, enabling the internal system test clock to drive the transmit- 
ter and receiver. In this mode, the modem clock inputs (TRS CLK and 
REC CLK) are inhibited. When the DUV11 is transmitting in the half- 
duplex mode, REC CLK is inhibited. HALF DUP (0) L and SEND (0) L 
go high in this condition, inhibiting REC CLK from reaching the receiv- 
er. 

+12 to -12 Power Converter 

Circuitry is provided to produce -12 Vdc for use by the EIA drivers, 
the SAT, and the SAR chips. A 600 kHz clock is used to switch +12V 
into a capacitor network to produce approximately -20V unregulated. 
This unregulated voltage is then regulated to -12V at the output of two 
twin zener diode networks. The zeners keep the -12V to within ±5%. 

Maintenance Indicators 

Indicators in the form of light-emitting diodes are provided to display 
data lines and modem control states for maintenance purposes. Any 
of the following lines asserted will cause its respective LED to illumi- 
nate: RING H, CLR TO SEND H, DATA SET RDY H, CARRIER H, SERI- 
AL DATA OUT H, and SERIAL DATA IN H. 
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CONFIGURATION 
General 

The following paragraphs describe how the user can configure the 
module for his own system. This module contains switches to select 
the device address, vector interrupt, and special control functions. 
The descriptions of the registers and their standard factory addresses 
are listed in Table 1 and described below. 



Table 1 DUV1 1 Factory Address Assignments 







Read/ 


DUV11 


Register 


Mnemonic 


Write 


Address 


Receiver Status 


RXCSR 


R/W 


160010 


Receiver Data Buffer* 


RXDBUF 


R 


160013 


Parameter Status* 


PARCSR 


W 


160012 


Transmitter Status 


TXCSR 


R/W 


160014 


Transmitter Data Buffer 


TXDBUF 


W 


160016 


Interrupt Vector 


DONE 




440 



* Dual-purpose read or write register. 



Device Address 

The LSI- 11 bus address and interrupt vector addresses, which are 
selectable, must be determined prior to operating the DUV1 1 . The bus 
address (also referred to as the device address) is controlled by 
switches contained in the two switch banks E38 and E39 (Figure 2), 
located in the address comparator logic. The position of these switch- 
es determines the required address state (1 or 0) of bus address bits 
12-3. If a switch is set to ON, the switch contacts are closed and an 
address state of 1 is required on the related address bit to the address 
of the DUV11. Hence, electrically, the DUV11 can have any device 
address within the range of 160000 to 177777. However, DIGITAL soft- 
ware requires that the device address fall within the floating address 
range of 160010 to 163776. The device address is set to 160010 at the 
factory to facilitate manufacturing testing. The switch positions for 
address selection are described in Table 1 and Figure 3. 

NOTE 

If a device address is selected which falls outside the 
floating address range, the software must be modi- 
fied accordingly. 
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ADDRESS/VECTOR 
ROCKER SWITCHES 



Figure 2 DUV1 1 (M7951 ) Major Components 
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Figure 3 Device Address Selection 
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Interrupt Vector 

The interrupt vector is also floating and is set to 440 at the factory to 
facilitate factory testing. If it is necessary to change the vector, simply 
change the six vector select switches contained in switch bank E39 
(Figure 2) as required. These switches control vector bits 8-3; there- 
fore, vectors can be generated in the range 000 to 774. However, the 
software requires that the vector fall within the floating range of 300 to 
777. The switch settings for vector selection are shown in Figure 4. 

NOTE 

If a vector is selected which falls outside the floating 
address range, the software must be modified 
accordingly. 
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111111 L °«™ 
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111111 



LOGICAL 1 = ON 

LOGICAL 0 = OFF SWITCH NO. 
FACTORY ADDRESS 440 



Figure 4 Interrupt Vector Selection 



Option Switches 

The DUV1 1 can select optional control functions that are used during 
operation by using switches S1 through S8 of E55. The detailed opera- 
tion of these switches is listed in Table 2. 



Table 2 Switch Assignments 



Switch No." Function 



SW1 Optional Clear— Switch ON enables CLR OPT, which 

is used to clear RXCSR bits 3, 2 and 1 . 

SW2 Secondary Transmit— Switch ON enables secondary 

data channel between the modem and DUV1 1 . 



'All switches are located on component reference designation E55. 
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Switch Assignments (Cont) 



Switch No.* Function 



SW3 Secondary Receive— Switch ON enables secondary 

data channel between the modem and DUV1 1 . 

SW4 Sync Characters— Switch ON enables the receiver to 

synchronize internally upon receiving one sync char- 
acter. The normal condition of receiving two sync 
characters exists when SW4 is off. 

SW5 Special Feature— Switch ON allows external clock to 

be internally generated; used when a modem is not 
being utilized. 

SW6 Special Feature— Optional feature is switched ON 

for program control of data rate selection. 

SW7 Maintenance Clock— Switch ON enables the clock 

that is used for maintenance purposes only. 

SW8 Not used. 



* All switches are located on component reference designation E55. 

Optional Equipment 

Mating Connector H836 
Cable BC05C-XX 

Registers 

The RXCSR is a read/write register that controls the RCVR (receiver) 
portion of the interface, communicates interface status, requests, and 
supervisory data to the modem, and monitors status and supervisory 
data inputs from the modem. 

The word format for the RXCSR is shown in Figure 5 and described in 
Table 3. 
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Figure 5 RXCSR Word Format 
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Table 3 RXCSR Word Format 

Bit: 15 Name: DAT SET CH 

Description: (Data Set Change) 

When set, this bit indicates a modem status change. 

This bit is set by a transition of any of the following lines: 

• Ring 

• Clear to Send 

• Carrier 

• Secondary Received Data 

• Data Set Ready 

If bit 5 of this register is set, the setting of this bit will cause a RCVR 
interrupt. 

Read-only bit; cleared by INIT, master reset, and the DTI SEL 0 
(RXCSR read strobe). 

Bit: 14 Name: RING 

Description: (Ring) 

This bit reflects the state of the modem ring line. When set, this bit 
indicates that a ring signal is being received from the modem. Read- 
only bit. 

Bit: 13 Name: CLRTOSD 

Description: (Clear to Send) 

This bit reflects the state of the clear to send line from the modem. 
When set, this bit indicates that the modem is ready to accept data 
from the interface for transmission. Read-only bit. 

Bit: 12 Name: CARRIER 

Description: (Carrier) 

This bit reflects the state of the modem carrier. When set, this bit 
indicates the carrier is up. Read-only bit. 

Bit: 11 Name: RECACT 

Description: (Receiver Active) 

When the internal synchronous mode is selected, this bit is set when 
the proper number of contiguous sync characters (either 1 or 2, nor- 
mally set for 2) have been received. If external synchronous or iso- 
chronous mode is selected, this bit follows the state of the search sync 
bit (bit 4 of this register). 

Read-only; cleared by INIT, master reset, and SCH SYNC (1) H (search 
sync) making 1 to 0 transition. 
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Bit: 10 



Name: SEC RCV DAT 



Description: (Secondary Recieve Data) 

This bit reflects the state of the secondary receive data line from the 
modem. This bit provides a receive channel for supervisory data from 
the modem to the processor. Read-only bit. 



Description: (Data Set Ready) 

This bit reflects the state of the data set ready line from the modem. 
When set, this bit indicates that the modem is powered up and ready. 
Read-only bit. 



Description: (Strip Sync) 

This bit determines whether sync characters received from the mo- 
dem are to be presented to the program for reading. When this bit is 
set, receive characters that match the contents of the sync register do 
not cause RCVR interrupt, provided no errors are detected, i.e., bit 15 
of the RXDBUF is clear. 

Read/write bit; cleared by INIT and master reset. 

Bit: 7 Name: RX DONE 

Description: (Receiver Done) 

This bit is set when synchronization has been achieved and a charac- 
ter has been loaded into the RXDBUF, provided the STRIP SYNC bit is 
not set. If the STRIP SYNC bit is set and the received character is a 
sync character without errors, i.e., bit 15 of the RXDBUF is clear, this 
bit will not be set. 

When set, this bit will cause a RCVR interrupt request provided bit 6 of 
this register is set. 

Read-only bit; cleared by INIT, master reset, and the DTI SEL 2 
(RXDBUF read strobe). 

Bit: 6 Name: RX INT EB 

Description: (Receiver Interrupt Enable) 

When set, allows a RCVR interrupt request to be generated when the 
RX DONE bit is set. 

Read/write bit; cleared by INIT and master reset. 

Bit: 5 Name: DAT SET INT EB 

Description: (Data Set Interrupt Enable) 

When set, allows a RCVR interrupt request to be generated when the 
DAT SET CH bit is set. 



Bit: 9 



Name: DATSETRDY 



Bit: 8 



Name: STRIP SYNC 
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Bit: 4 Name: SCH SYNC 

Description: (Search Sync) 

When set in the internal synchronous mode, enables the RCVR syn- 
chronization logic and causes the RCVR to start comparing incoming 
data bits to the contents of the sync register in an attempt to recognize 
a sync character. 

When set in the isochronous mode, enables the RX DONE flag genera- 
tion logic. 

When set in the external synchronous mode, enables the RX DONE 
flag generation logic and causes the RCVR to start framing incoming 
characters. 

Read/write bit; cleared by INIT and master reset. 

Bit: 3 Name: SEC XMIT 

Description: (Secondary Transmit Data) 

This bit reflects the state of the secondary transmit data line to the 
modem. This bit provides a transmit channel for supervisory data from 
the processor to the modem. 

Read/write bit: cleared by INIT and master reset. 

Bit: 2 Name: REQ TO SD 

Description: (Request to Send) 

When set, this bit causes the request to send line to the modem to be 
asserted. The request to send line is a control lead to the modem. This 
line must be asserted before the interface can transmit data to the 
modem. 

Read/write bit; optionally cleared by INIT and master reset. 

Bit: 1 Name: DATA TERM RDY 

Description: (Data Terminal Ready) 

When set, this bit indicates the interface is powered up, programmed, 
and ready to receive data from the modem. 

Setting this bit causes the data terminal ready line to the modem to be 
asserted. The data terminal ready line is a control lead for the modem 
communication channel. When asserted, it permits the interface to be 
connected to the channel. 

Read/write bit; optionally cleared by INIT and master reset. 

The receiver data buffer (RXDBUF) and the parameter status register 
(PARCSR) have the same address location, but RXDBUF is a read- 
only register and PARCSR is a write-only register. The RXDBUF regis- 
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ter detects interface RCVR status flags and RCVR parallel data out- 
puts. Its word format is shown in Figure 6 and described in Table 4. 
The PARCSR register establishes the overall operating parameters of 
the DUV11, i.e., the mode of operation (synchronous or isochronous), 
word length (5, 6, 7, or 8 bits plus parity), parity (enabled or disabled), 
parity sense (odd or even), and sync character configuration. Its word 
format is shown in Figure 7 and described in Table 5. 
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Figure 6 RXDBUF Word Format 



Table 4 RXDBUF Word Format 

Bit: 15 Name: RX ERR 

Description: (Receive Error) 

This bit is set whenever one of the three receiver error bits is set 
(logical OR of bits 14, 13 and 12). 

Read-only bit, cleared only when bits 14, 13, and 12 are cleared. 

Bit: 14 Name: OVRN ERR 

Description: (Overrun Error) 

When set, this bit indicates that the processor has failed to service the 
RX DONE flag within the time required to load another character into 
the RXDBUF, i.e. (1/baud rate) X (bits per character) seconds. Hence, 
the previous character was overwritten (lost). This condition indicates 
the loss of at least one character. 

Read-only bit; cleared by INIT, master reset, and DTI SEL 2 (RXDBUF 
read strobe). 

Bit: 13 Name: FRM ERR 

Description: (Framing Error) 

When set, indicates that character received was not followed by a valid 
stop bit. This error only occurs in the isochronous mode of operation. 

Read-only bit; cleared by INIT, master reset, and DTI SEL 2. 
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Bit: 12 Name: PAR ERR 

Description: (Parity Error) 

When set, indicates that the parity of the received character does not 
agree with the parity programmed (odd or even). If parity is not 
programmed, this bit is always cleared. 

Read-only bit; cleared by INIT, master reset and DTI SEL 2. 

Bit: 7-0 Name: RCVR DATA 
Description: (Receiver Data) 

This register holds the received character for transfer to the program. 
The buffer is right-justified for 5, 6, 7 or 8 bits. If parity is received, it is 
also loaded into the buffer at the next vacant higher order bit position. 
Therefore, if a 5-bit character plus parity is framed by the RCVR, the 
parity bit would be loaded into bit position 5 in the RXDBUF and 
presented to the program for reading. If an 8-bit character plus parity 
is framed, the parity bit would not be presented to the program for 
reading. 

Read-only buffer; cannot be cleared; INIT or master reset sets the 
buffer to all 1s. Reading the RDXBUF causes the RX DONE bit in the 
RXCSR to clear. 
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Figure 7 PARCSR Word Format 



Table 5 PARCSR Word Format 

Bit: 13-12 Name: MODE SEL 
Description: (Mode Select) 

These bits control the mode of operation. Modes are selected as fol- 
lows: 

Mode Bit 13 Bit 12 

Internal 1 1 

Synchronous 

External 1 0 

Synchronous 

Isochronous 0 0 

Illegal 0 1 

(not used) 

Write-only bits. 
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Bit: 11-10 Name: WORD LENSEL 
Description: (Word Length Select) 

These bits control the length of characters received and transmitted 
by interface. Word length (not including parity) is selected as follows: 



Bits/Char 


Bit 11 


Bit 10 
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1 



Write-only bits. 

Bit: 9 Name: PAR ENB 

Description: (Parity Enable) 

If this bit is set, parity for each character will be generated by the 
XMTR and checked by the RCVR. If character length is less than eight 
bits, the parity bit for received data is loaded into the RXDBUF for 
reading by the program. If bad parity is detected at the RCVR, the 
parity error flag is set (bit 12 of the RXDBUF). 

Write-only bit. 

Bit: 8 Name: PAR SEN SEL 

Description: (Parity Sense Select) 

When the parity enable bit (bit 9 of this register) is set, the sense of the 
parity (odd or even) is controlled by this bit. When this bit is set, even 
parity is generated by the XMTR and checked for by the RCVR. (The 
program does not have to provide a parity bit to the XMTR.) When this 
bit is cleared, odd parity is generated and checked. 

Write-only bit. 

Bit: 7-0 Name: Sync Register 

Description: This register contains the sync character. The sync 
character is used by the RCVR to detect received sync characters and 
thereby achieve synchronization. 

The sync character is used as a fill character by the XMTR when 
operating in the synchronous mode. Fill characters are transmitted 
when the program fails to provide characters to the XMTR fast enough 
to maintain continuous transmission i.e. (1/baud rate) X (bits per 
character) seconds - Vz (bit time). 

The transmitter status register (TXCSR) is a read/write register that 
controls the XMTR (transmitter) portion of the interface, controls the 
resetting and initialization of the interface, and controls and monitors 
the maintenance mode operation of the interface. 
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Figure 8 TXCSR Word Format 
Table 6 TXCSR Word Format 

Bit: 15 Name: DNA 

Description: (Data Not Available) 

This bit is set by the XMTR when a fill character is transmitted. This 
applies only to the synchronous mode of operation and is caused by 
late program response to a TX DONE interrupt request. 

The processor response to TX DONE must be within (1/baud rate) X 
(bits per character) seconds - V&fbit time). If not, the fill character is 
transmitted. 

If bit 5 of this register is set, setting this bit causes an XMTR interrupt 
request. 

Read-only bit; cleared by INIT, master reset, and DTI SEL 4 (TXCSR 
read strobe). 

Bit: 14 Name: MAINT DATA 

Description: (Maintenance Data) 

This bit is used in the internal loop and external loop maintenance 
modes by the diagnostic program to simulate serial input to the RCVR. 

Read/write bit; cleared by INIT or master reset. 

Bit: 13 Name: SSCLK 

Description: (Single Step Maintenance Clock) 

This bit is used in the internal loop and external loop maintenance 

modes by the diagnostic program to simulate XMTR and RCVR 

clocks. 

Read/write bit; cleared by INIT or master reset. 
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Bit: 12-11 Name: MS01/MS00 

Description: (Maintenance Mode Select 01 and 00) 

These bits are used to select the normal mode of operation or one of 

three maintenance modes. Modes are selected as follows: 

Mode Bit 12 Bit 11 

Normal 0 0 

Internal 0 1 

Maintenance 

Loop 

External 1 0 

Maintenance 

Loop 

System Test 1 1 

Read/write bits; cleared by INIT and master reset. 

Bit: 10 Name: RX INP 

Description: (Receiver Input) 

This bit monitors the RCVR input to the internal loop and external loop 
maintenance modes. 

Read-only bit. 

Bit: 9 Name: MSTRST 

Description: (Master Reset) 

This bit is used to generate a CLR (clear) pulse, which initializes the 
registers and the XMTR and RCVR and inhibits the BRPLY L (bus 
reply) signal. This bit remains at a (1) for only 3 us after being set. 

Read/write bit. 

Bit: 7 Name: TX DONE 

Description: (Transmitter Done) 

This bit is set by INIT and master reset and when the first bit of the 
character contained in the XMTR register is placed on the XMTR out- 
put line. If bit 6 of this register is set when this bit is set, an XMTR 
interrupt request is generated. 

Read-only bit; cleared by LD TXDBUF (TXDBUF load strobe). 

Bit: 6 Name: TX INT EB 

Description: (Transmitter Interrupt Enable) 

When set, this bit allows a XMTR interrupt request to be generated by 
the TX DONE bit. 

Read/write bit; cleared by INIT and master reset. 
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Bit: 5 Name: DNA INT EB 

Description: (Data Not Available Interrupt Enable) 

When set, this bit allows an XMTR interrupt request to be generated by 

the DNA bit. 

Read/write bit; cleared by I NIT and master reset. 

Bit: 4 Name: SEND 

Description: (Send) 

When set, this bit enables the XMTR and transmission will start when a 
character is loaded into the TXDBUF. This bit must remain set until the 
entire message is transmitted. If not, transmission of the character 
currently in the XMTR register is completed and the XMTR will enter 
the idle state. 

Read/write bit; cleared by INIT and master reset. 

Bit: 3 Name: HALF DUP 

Description: (Half-Duplex) 

When this bit is set, operation will be in the half-duplex mode. In this 
mode, the RCVR is disabled whenever bit 4 of this register is set. 

Read/write bit; cleared by INIT and master reset. 

Bit: 0 Name: BREAK 

Description: (Break) 

When this bit is set, the serial XMTR output D5 SERIAL DATA OUT H is 
held in the space (constant low) condition; otherwise, operation is 
normal. This bit is used by the diagnostic program in the internal loop 
or external loop maintenance modes to inhibit the XMTR output while 
inputting data to the RCVR via bit 14 of this register. 

Read/write bit; cleared by INIT and master reset. 



The transmitter data buffer (TXDBUF) is a write-only register that pro- 
vides parallel data to the interface XMTR for serial transmission to the 
modem. The word format for the TXDBUF is shown in Figure 9 and 
described in Table 7. 



XMTR DATA 



WRITE ONLY- 



Figure 9 TXDBUF Word Format 

355 



DUV11 



Table 7 TXDBUF Word Format 

Bit: 7-0 Name: XMTR DATA 
Description: (Transmitter Data) 

This register is loaded by the program with the character to be trans- 
mitted. Character length is from 5 to 8 bits. The character is right- 
justified. If a parity bit is enabled, it is generated by the interface. 

Write-only bits; an INIT or master reset places all 1s in this register. 
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DZV11 ASYCHRONOUS MULTIPLEXER 



GENERAL 

The DZV1 1 is an asynchronous multiplexer interface module that in- 
terconnects the LSI-1 1 bus with up to four asynchronous serial data 
communications channels. The module provides EIA interface levels 
and enough data set control to permit dial-up (auto-answer) operation 
with modems using full-duplex operations such as Bell models 103, 
113, 212, or equivalent. The DZV11 does not support half-duplex op- 
erations such as remote operation over private lines for full-duplex 
point-to-point or full-duplex multipoint as a control (master) station. 
The DZV11-B includes a BC1 1 U cable assembly for interconnection to 
the communication devices. 

The DZV11-B interface consists of the M7957 module, a BC11U-25 
interface cable, and two accessory test connectors (H329 and H325). 
The H329 connector permits a staggered loopback. The H325 connec- 
tor is used with the BC1 1 U cable to provide the single-line loopback. 

FEATURES 

• Selectable baud rates of 50 to 9600 

• Character length of 5, 6, 7, or 8-bits 

• Stop bits, 1 or 2, for 6-, 7-, and 8-bit characters 

• Stop bits, 1 or 1 .5, for 5-bit characters 

• Parity generation and detection for odd, even, and no parity 

• Transmitter and receiver interrupts 

• Generates and detects break signals 

SPECIFICATIONS 



Identification M7957 

Size Quad 

Power +5 Vdc ±5% at 1 . 1 5 A 

+12Vdc ±3% at 0.40 A 

Bus loads 

AC 3.95 

DC 1 

Performance Interface signals meet EIA stan- 



dard RS-232C 
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DESCRIPTION 



General 

The DZV11 module transmits communication data from the LSI-11 
bus, through the interface, to the transmitter data register in the 
UARTs. There they are converted from parallel data to serial data and 
sent to the EIA transmitters. The transmitters convert the serial data 
from TTL levels to EIA levels and send them to the communication 
line. A functional diagram of the module is shown in Figure 1 . 

Data coming in from the communication lines are converted from EIA 
to TTL by the EIA receivers, then from serial to parallel by the UARTs. 
The parallel data leaves the UART receiver buffers and are stored in 
the silo buffer. From there it is transferred via multiplexers to the bus 
interface. The bus interface places the data on the LSI-1 1 bus. 

The interrupt logic requests interrupt service when a transmitter is 
empty and when the silo buffer has either 1 or 16 characters of re- 
ceived data, as selected by the program. 



\ TRANS \j 



BINIT L 
BIRO L 



INTERRUPT 
CHIP 
DC003 



BUS 
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OELAY 
CIRCUIT 



\7 



I/O INWD 

CONTROL 

PROTOCOL 

CHIP 

DC004 

SEL 6 
SEL 4 
SEL 2 
SELO 
OUT HB 
D4 OUT LB 




Figure 1 Bus Interface, I/O Control, and Interrupt Logic 
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The transmitter control determines which of the four possible lines is 
to be used, and controls the loading of the data. 

The receiver control scans the receiver status and controls the loading 
and unloading of the silo. 

The speed and format control generates clock signals for the UARTs. 
Under program control, it selects baud rate and stop bit, parity bit, and 
character length parameters. 

The break logic inhibits output data to create a break signal. The four 
lines operate independently and under program control. 

The maintenance mode data selector provides the capability of 
switching the data outputs and the data inputs. This is used to verify 
module operation. 

Interrupt Logic 

Most of the logic for interrupts is contained in a single DC003 in- 
terim pt chip. The chip contains two interrupt channels: one for receiv- 
er interrupts and one for transmitter interrupts. The circuit generates a 
receiver interrupt either when the RBUF has one character ready for 
the computer (receiver-done interrupt) or when the silo buffer has 16 
characters ready (silo-alarm interrupt.) 

The receiver-done interrupt is enabled by setting CSR bit 6. The silo- 
alarm interrupt is enabled by setting bit 12. Setting bit 12, however, 
Inhibits the receiver-done signal from the RBUF. Therefore, receiver- 
done interrupts do not occur when silo-alarm interrupts are enabled. 

The circuit generates a transmitter interrupt when the transmitter data 
register is empty and ready for another data output from the comput- 
er. The transmitter-ready interrupt is enabled by setting CSR bit 14. 

A silo-alarm interrupt can be distinguished from a receiver-done inter- 
rupt by checking the corresponding bits in the CSR when entering a 
service routine. 

EIA Receivers 

The DZV11 receives three modem signals for each of the four 
communication lines it interfaces. Carrier-detect, ring-indicator, and 
received-data are received and converted from EIA levels to TTL lev- 
els. The carrier and ring signals go to the modem status register. The 
received-data signals go the RBUF (in the UARTs). 

EIA Transmitters 

The DZV1 1 can control up to three modem control signals for each of 
the four communication lines it interfaces. Control bits from the trans- 
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mitter control register are converted from TTL levels to EIA levels to 
drive modem control lines. For each line there is a single control bit 
that is always connected to data-terminal-ready. These signals may be 
jumpered to also control request-to-send. If this is done, they may 
then be further jumpered to control forced-busy (for Bell model 01 3E 
and 1 13B modems with the forced-busy option). 

Data to be transmitted from the computer to the lines move from the 
transmitter data buffer to the EIA transmitters, where they are convert- 
ed from TTL levels to EIA levels and placed on the lines. 

UARTs 

The DZV11 uses four universal asynchronous receiver/transmitter 
(UART) chips, one for each of the four communication lines. Each 
UART performs part of the functions of the receiver buffer (RBUF), 
transmitter data register (TDR), and line parameter register (LPR) for 
the channel under its control. The RBUF takes serial data received by 
the EIA receivers, strips off the start, stop, and parity bits, converts 
them to parallel data, and places them on the device data bus. The 
TDR takes parallel data from the device data bus, appends start, stop, 
and parity bits, converts them to serial data, and sends them to the EIA 
transmitter. The LPR controls the speed, parity, and number of stop 
bits that the RBUF and TDR use. 

Setting Line Parameters — The low byte of the LPR is contained 
inside the UARTs, and controls the data format. The high byte is con- 
tained in the baud rate generator circuits and controls the speed at 
which data is transmitted and received. 

When the computer addresses the LPR, the I/O control logic gener- 
ates a load pulse. The load pulse enables LPR bits 0 and 1 to strobe 
the selected UART and baud rate generator. Bits 3 through 7 are 
latched into the UART to select the data format. Bits 8 through 1 1 are 
latched into the baud rate generator to select the speed. Bit 12 enables 
the receiver clock signal to reach the UART. 

UART Receiver Operation — Serial data coming, in from the EIA 
receiver are applied to the receiver section of the selected UART. The 
UART samples the serial input at the receiver clock rate (16 times the 
data bit rate). The line is in a continuous marking state when idle. 
When a start bit arrives, the UART detects the mark-to-space transi- 
tion. It samples the line again at the time corresponding to the middle 
of the start bit. If the line is marking, the UART logic assumes that the 
first sample was noise, and resumes sampling. If it finds that the line is 
still spacing, however, the logic assumes it is receiving a start bit, and 
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enters the data entry mode, in this mode the UART shifts the data 
serially into an internal register. If parity is enabled, the UART checks 
the total of the received data bits plus the parity bit. (It checks for an 
even total if even parity has been selected, and an odd total if odd 
parity has been selected.) A parity error causes the UART to set the 
parity error flag bit in the high byte of the RBUF word. 

The UART checks the stop bit to see if it is marking, if the line is 
spacing instead, the UART sets the framing-error flag bit. If the line is 
marking, the UART logic assumes there is a valid stop bit. 

About half-way through the stop bit time, the UART transfers the re- 
ceived-character data, the parity-error bit, and the framing-error bit 
from the serial shift register to the holding register. At this time it 
asserts the data-available signal to the receiver-control logic. If the 
previous character has not yet been serviced by the receiver-control 
logic, the UART sets the overrun-error flag bit to indicate that the 
previous character was lost. 

The receiver control loads the contents of the RBUF (data and status) 
into the silo buffer for subsequent transfer to the computer. The 
receiver-control circut determines when and what type of receiver 
interrupt to request. 

UART Transmitter Operation — During idle time, the UART transmits 
a continuous marking signal and holds the transmitter ready signal 
(TBMT) asserted. The transmitter control circuitry uses this signal to 
determine when to initiate a transmitter interrupt request. 

When the computer has data to transmit to a communication line, it 
uses a DATO or DATOB sequence to address the TDR and place the 
data on the bus lines. The low byte of the TDR word is loaded into a 
holding register in the UART. When the data enters the holding regis- 
ter, the UART negates TBMT. It then transfers the data in parallel from 
the holding register to a serial shift register and reasserts TBMT. In the 
serial shift register, the UART attaches start, stop, and parity bits, as 
set by the LPR. The assembled character is then shifted serially out to 
the EIA transmitter. 

Because the transmitter, like the receiver, is double-buffered, it can be 
loading in a second character before the first one moves out. 

Break Bits 

The transmission and reception of break bits are closely related to the 
transmission and reception of data. A break signal is a continous 
spacing condition on the serial data line. When a UART receives a 
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break signal, it interprets the continuous space as a character that is 
missing a stop bit. Therefore, it sets the framing-error flag. The pro- 
gram then determines how a framing error is handled. 

A break signal may be transmitted by interrupting the flow of serial 
data leaving the UART. The high byte of the TDR may be thought of as 
a break register. It contains one break bit for each of the four com- 
munication channels. Setting one of these bits will inhibit the flow of 
data from the UART transmitter to the EIA transmitter, thereby causing 
a break to be transmitted on the communication line. 

Speed and Format Control 

The circuits controlling speed and format include the line parameter 
register, two dual-baud-rate generator chips, an oscillator, and two 
addressable latches. 

When the LSI-1 1 bus writes a word out to the LPR, the following events 
occur. 

1. During address time the bus interface and I/O control circuitry 
decode the address and produce a load pulse, LD LPR REGIS- 
TER L. 

2. During data time, the load pulse enables two addressable latches 
to be addressed by bits 0 through 2. One latch routes the state of 
bit 12 to a gate that inhibits or enables the receiver clock to the 
selected UART. For a receive operation the clock is enabled; for a 
transmit operation it is inhibited. 

The other latch applies an enabling signal (CONTROL STROBE H) 
to both the UART and the baud-rate generator chip section that 
controls the communication line selected by bits 0 through 2. 

3. Bits 3 through 7 are strobed into the selected UART to select the 
number of data bits, the number of stop bits, and odd, even, or no 
parity. 

4. Bits 8 through 11 are strobed into the selected baud-rate 
generator chip to control the amount by which the 5 MHz oscilla- 
tor is divided to produce the UART clock signal. 

Thus, the line parameter register is formed by the latches located in 
the UARTs, baud-rate generators, and addressable latches. 

Receiver Control 

Receiver Scanner — The receiver scanner circuit samples the states 
of the data available signals from the UARTs. When it detects a true 
condition, it generates a load pulse to transfer the received data from 
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the UART to the silo buffer. The sequence in which the receiver-data- 
available (DA) flags are scanned and the characters loaded into the 
silo buffer is controlled by a 4-phase timing sequencer and a group of 
multiplexers, demultiplexers, and counters. 

The sequencer produces four timing signals. The signal times are 
designated Phase 1 through Phase 4. 

During Phase 1, a signal toggles the address generator to increment 
by one count. The two least significant bits of the counter are used as a 
2-bit address code, designated RCV SCAN LEAD A and RCV SCAN 
LEAD B. These two signals address a multiplexer. The multiplexer 
selects the data-available-line from the UART corresponding to the 
address code and applies it to a gate. The other input to the gate is a 
ready signal from the silo buffer. This signal is asserted when the silo 
is ready to load data. 

If the data-available signal is set and the silo buffer is ready, the gate 
asserts SILO LOAD REQUEST H. The load request is applied to the 
load-silo flip-flop. 

RCV SCAN LEAD A and RCV SCAN LEAD B also address a demulti- 
plexer. The demultiplexer places an enabling signal (RCV DATA EN- 
ABLE) on the line to the UART addressed by the scan leads. This is the 
same UART that is having its DA line sampled. The RCV DATA EN- 
ABLE signal enables the UART to place the contents of the receiver 
holding register on the lines to the silo buffer (RD1 through RD8). 

During Phase 2, the sequencer clocks the load-silo flip-flop. If SILO 
LOAD REQUEST H is true, the flip-flop sets. When the flip-flop sets, 
one output goes to the silo buffer as LOAD SILO H and strobes 
received data from the UART into the silo buffer. At the same time the 
data enter, status information is also loaded into the silo. Framing- 
error, overrun-error, and parity-error bits from the selected UART are 
routed via multiplexers into the silo. The states of RCV SCAN LEAD A 
and RCV SCAN LEAD B are loaded into the silo to indicate from which 
communication line the received character came. 

LOAD SILO H also goes to a latch in the sequencer. From there it 
passes through a demultiplexer and asserts RESET DA to the selected 
UART. RESET DA clears the data available flag in the UART so that 
another character may be received. 

At the beginning of Phase 4 time, the transition out of Phase 3 clocks 
the silo counter. The silo counter increments by one count to keep a 
tally of the number of times the silo buffer has been loaded. 
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Phase 4 re-establishes the initial conditions of the scanner circuit for 
the next scan cycle. 

Silo Buffer — The silo buffer comprises four 4 X 64-bit 3341 serial 
memory chips. The chips are arranged as a 16-bit long, 64-word deep 
first-in first-out memory. Data is entered in the "top" of the memory as 
described in the previous section. The in-ready signal means there is a 
vacancy in the top word of the memory. Similarly, the out-ready signal 
indicates there is a word in the "bottom" of the silo waiting to be 
shifted out. 

The buffer stores full RBUF words. Received character data is stored 
in the low byte, and receiver data in the high byte. The buffer shifts 
data in when it receives LOAD SILO H from the load-silo flip-flop, and 
it shifts data out when it receives UNLOAD SILO H from the unload 
control. 

Data is shifted out as a result of either a receiver-done interrupt or a 
silo-alarm interrupt. The presence of an output-ready signal from each 
of the four chips asserts RECEIVER DONE H to the interrupt logic. If 
the receiver-done interrupt enable bit is set, the interrupt logic will 
assert the interrupt request signal to the CPU. 

If the silo-alarm interrupt enable bit is set, RECEIVER DONE H is 
inhibited at the interrupt logic. In this case, a receiver interrupt is not 
requested until the silo buffer has 16 characters ready. Setting silo- 
alarm-enable allows the silo counter to increment each time the silo is 
loaded. On the 16th count, the silo counter overflows, and the carry- 
out signal sets the silo-alarm flip-flop. The flip-flop in turn asserts SILO 
ALARM H to the interrupt logic. 

When the interrupt request is acknowledged, the silo is unloaded. The 
unloading sequence is the same for both types of receiver interrupts. It 
proceeds as follows: 

1 . When data reaches the bottom of the silo, the out-ready signals 
are gated together to produce RECEIVER DONE H. 

2. RECEIVER DONE H is applied to a latch. When a CPU input trans- 
action (DATI) addresses the RBUF, READ RCV BUFFER H latches 
the state of RECEIVER DONE H. 

3. The output of the latch is VALID DATA H. This signal conditions 
one input of a one-shot. 

4. The trailing edge of READ RCV BUFFER H triggers the one-shot, 
which generates UNLOAD SILO H. 
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5. UNLOAD SILO H causes the silo buffer to shift out an RBUF word 
(character and status data). The word is transferred via a multi- 
plexer to the device data bus. From there the bus transceivers 
place it on the LSI-11 bus. VALID DATA H is applied to the multi- 
plexer along with the output of the silo buffer, where it becomes 
bit 15 of the RBUF word. 

Transmitter Control 

The transmitter control circuit checks the transmitter control register 
to determine which lines are enabled. It checks the UARTs to deter- 
mine which are ready to transmit, and it enables the UART controlling 
the highest priority line to load data from the CPU. 

The sequence begins with the master scan enable signal from the 
CSR. MASTER SCAN ENBL H triggers a 350 ns one-shot. The leading 
edge of the one-shot output clocks a 4-bit latch. A true bit in the latch 
indicates that the corresponding line is enabled and that the 
transmitter buffer empty flag is set for the UART controlling that line. 
Outputs from the latch are applied to a priority encoder. The priority 
encoder generates a 2-bit code to represent the communication line 
number. When more than one channel is ready at the same time, the 
code always indicates the one having the highest priority. (Line 3 has 
the highest priority; line 0, the lowest.) This code addresses two multi- 
plexers in the transmitter control circuit, and also goes to CSR bits 8 
and 9. CSR bits TLINE A and TLINE B tell the program on which line 
the next character will be transmitted. The priority encoder also ap- 
plies a ready signal to the transmitter ready flip-flop when any of the 
bits in the latch are true. 

The trailing edge of the 350 ns one-shot output performs two func- 
tions: 

1 . The zero (false) output checks the transmitter ready flip-flop. As- 
suming a line-enable bit is set and a TBMT signal is true, the 
transmitter-ready flip-flop asserts TRANSMITTER READY H to the 
interrupt logic and the CSR. If enabled, a transmitter-interrupt 
request will be initiated. 

The transmitter-ready flip-flop also disables the gate controlling 
the input to the 350 ns one-shot. This inhibits further clocking until 
the line can be serviced. At the same time, the signal enables the 
contents of the line-enable latch to enter a multiplexer. 

2. The second function of the trailing edge of the 350 ns one-shot is 
to trigger a 100 ns one-shot. The output of the 100 ns one-shot 
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disables the input to the 350 ns one-shot. The 350 ns one-shot is 
inhibited to prevent losing the latched-in line number. 

The assertion of TRANSMITTER READY H ultimately results in the 
CPU performing a DATOB to load data into the TDR. During address 
time, the I/O control asserts load pulse LD TDR REGISTER H. LOAD 
IN PROGRESS L from the I/O control strobes LD TDR REGISTER H 
into a demultiplexer. The demultiplexer output is a transmitter- 
holding-register load pulse (THRL). It is routed to the UART that con- 
trols the line addressed by the priority encoder. This enables the 
UART transmitter to load character data from the device data bus 
during data time. 

When LD TDR REGISTER H returns to the negated state, the trailing 
edge triggers a 100 ns one-shot. The output of the one-shot clears the 
transmitter ready flip-flop. It also disables the gate controlling the 
input to the 350 ns one-shot. The 350 ns one-shot is inhibited in order 
to allow the UART sufficient time to drop its transmitter-buffer-empty 
flag before the circuit starts another scan cycle. 

When the program is finished sending a message, it clears the line- 
enable bit in the TCR. This occurs after enable-bit-TMBT signals have 
already been latched in and TRANSMITTER READY H has not assert- 
ed. It is therefore necessary to prevent the scanner from locking up on 
a line for which there is no data. This is accomplished by clearing the 
transmitter-ready flip-flop if it is set for a line which is no longer en- 
abled. The states of the line-enable bits from the TCR are applied to a 
multiplexer. The bit corresponding to the line addressed by the priori- 
ty encoder is passed to a pulse-forming circuit. If the bit is in the clear 
state, a 50 ns pulse is formed. This pulse clears the transmitter-ready 
flip-flop, thereby negating TRANSMITTER READY H and allowing the 
350 ns one-shot to fire for the next transmitter scan cycle. 

Maintenance Mode 

The DZV1 1 can be switched to receive the data that it is transmitting. 
The four serial data lines leaving the UARTs are applied to both a data 
selector and the EIA transmitter. The data selector controls the inputs 
to the UART receivers. During normal operation, data from the EIA 
receivers is routed through the data selector to the UART receivers. In 
the maintenance mode, the data selector ignores the inputs from the 
EIA receivers. Instead, it routes the output data to the UART receivers. 
This internal "wrap around" feature is enabled by setting the mainte- 
nance bit in the CSR. Setting CSR bit 3 asserts MAINTENANCE H, 
which switches the data selector. 
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Power Supplies 

In addition to the +12V and +5V available on the LSI- 11 bus, the 
DZV11 also requires +3V, -9V, and -12V. The +3V source is a 
voltage divider. The negative voltages are produced by two capacitive- 
charge pump circuits. 

Each of the two charge pumps uses the following scheme: 

1 . An oscillator running at approximately 500 kHz switches a pair of 
drivers on and off. 

2. The outputs of the drivers are capacitively coupled to a rectifier. 

3. The negative-going output of the rectifier builds up a charge on a 
capacitor. 

4. The charge is zener-regulated back to the required negative volt- 
age. 

CONFIGURATION 
General 

The software control of the DZV1 1 is performed by six device regis- 
ters. These registers are assigned addresses and can be read or load- 
ed by the program. DIGITAL software requires that the device ad- 
dresses be within the range of 760000 to 777777. The M7957 module 
utilizes the floating address space that starts at 760010 and extends to 
764000. The control and status register (CSR) is assigned the basic 
address by setting the rocker switches of E30 on the module as shown 
in Figure 2. The correlation between the bit assignments and the 
switches is detailed in Figure 3. The remaining register addresses will 
sequentially follow the basic address as shown in Table 1. A basic 
address is preset at the factory; if the user requires a different ad- 
dress, the switches allow him to change the addresses to comply with 
his system. The interrupt vector is also programmable and can be 
used with DIGITAL software, provided that the address is within 300 to 
777. The switches of E2 on the module (Figure 1) allow the user to 
select an interrupt vector to function within his system. The correlation 
between the bit assignments and the switches is detailed in Figure 4. 
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•NOTES: 

JUMPERS W9, W12. W13. W14, W1B. AND W16 ARE REMOVED ONLY FOR MANUFAC- 
TURING TESTS. THEY SHOULD NOT BE RE!i OVED IN THE FIELD. 

JUMPERS W10 AND W11 MUST REMAIN INSTALLED WHEN THE MODULE IS USED IN 
A BACKPLANE THAT SUPPLIES LSI-11 BUS SIGNALS TO THE C AND D CONNECTORS 
OF THE DZV11 (SUCH AS THE H9270I. WHEN THE MODULE IS USED IN A BACK 
PLANE THAT INTERCONNECTS THE C AND D SECTIONS TO AN ADJACENT MODULE, 
JUMPERS W10 AND W11 MUST BE REMOVED. 



Figure 2 M7957 Module 



BITS 15 14 13 12 11 10 9 
DEVICE ADDRESS 1,1.1. |.._| 



FORMAT 



(BANK 7 
FACTORY SELECTED) 
CONFIGURATION 
CSR 160010 

1 = SWITCH ON 
0 = SWITCH OFF 



J I J I I I 1 I I i 

0000000001 

1 1 i J 1 1 I 1 1 1 



8 9 10 SWITCH 



SWITCHES E30 



Figure 3 OZV1 1 CSR Address Bits 
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DZV1 1 Register Address Assignments 



Read/ 

Register Mnemonic Address* Write 



Control and Status CSR 76XXX0 R/W 

Receiver Buffer RBUF 76XXX2 R 

Line Parameter LPR 76XXX2 W 

Transmitter Control TCR 76XXX4 R/W 

Modem Status MSR 76XXX6 R 

Transmit Data TDR 76XXX6 W 



* XXX = Selected in accordance with floating device address scheme. Dual- 
purpose register. 



BITS 15 14 13 12 11 
VECTOR ADDRESS 



FACTORY 
CONFIGURATION 
=300 

1 = SWITCH ON 

2 = SWITCH OFF 



1 1 J I 1 1 

0 1 10 0 0 



SWITCHES E2 



Figure 4 DZV1 1 Vector Bits 



Jumpers 

Modem Control — There are eight jumpers (W1-W8) used for modem 
control. Jumpers W1 and W4 connect data terminal ready (DTR) to 
request to send (RTS). This allows the DZV1 1 to assert both DTR and 
RTS when using a modem that requires the control of RTS. These 
jumpers must be installed to run the external cable and test diagnostic 
programs. Jumpers W5 through W8 connect the forced-busy leads to 
the request-to-send leads. When these jumpers are installed, the as- 
sertion of an RTS signal places an ON or busy signal on the corres- 
ponding forced busy lead. Forced busy jumpers W5-W8 are normally 
removed unless they are required for the modem. These modem con- 
trol jumpers are listed in Table 2. 
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Table 2 Modem Control Jumper Configuration 



Jumper 


Connection 


Line 


W1 


DTR to RTS 


3 


W2 


DTRtoRTS 


2 


W3 


DTR to RTS 


1 


W4 


DTR to RTS 


0 


W5 


RTS to FB 


3 


W6 


RTS to FB 


2 


W7 


RTS to FB 


1 


W8 


RTS to FB 


0 



Bus Signals — Jumpers W10 and W11 must remain installed when 
the module is used in a backplane that supplies bus signals to C and D 
connectors such as the H9270. When the module is in a backplane that 
uses the C-D interconnect scheme (such as the H9273), the jumpers 
W10 and W1 1 must be removed. 

Testing — Jumpers W9 and W12 through W16 are removed for 
manufacturing test purposes only. These jumpers should not be re- 
moved by the user. 

Device Registers — All software control of the DZV1 1 is performed by 
six device registers. Each register is assigned a bus address that can 
be read or loaded. The following paragraphs define the bits within a 
register and their specific function to the operation of the DZV1 1. Bits 
that are designated as "not used" and "write-only" are always read as 
0 and attempts to load these bits will have no effect on the operation. 

Control and Status Register — The control and status register (CSR) 
is a byte- and word-addressable register. All bits in the CSR are 
cleared by an occurrence of BINIT or by setting device master clear 
(CSR 4). The format is shown in Figure 5 and the bit assignments are 
listed in Table 3. 
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BITS 15 14 13 1? 11 10 9 8 7 6 5 4 3 ? 1 Q 



TRDY 


TIE 


SA 


SAE 


MOT 
USED 


NOT 
USED 


TLINE 
B 


TLINE 
A 


R 

DONE 


RIE 


MSE 


CLR 


MAIN! 


NOT 
USED 


N01 
USED 


NOT 
USED 


R0 


RW 


RO 


RW 






RO 


RO 


RO 


RW 


RW 


RW 


RW 









Figure 5 CSR Bit Assignments 



Table 3 CSR Bit Assignments 

Bit: 0-2 Name: Not Used 
Description: 

Bit: 3 Name: Maintenance 

Description: This bit, when set, loops all the transmitter's serial out- 
put leads to the corresponding receiver's serial input leads on a TTL 
basis. While operating in maintenance mode, the EIA received data 
leads are disabled. Normal operating mode is assumed when this bit 
is cleared. This bit is a read/write bit. 

Bit: 4 Name: Master Clear 

Description: When written to a one, generates "initialize" within the 
DZV11. A read back of the CSR with this bit set indicates initialize in 
progress within the device. This bit is self-clearing. All registers, silos, 
and UARTs are cleared with the following exceptions: 

1. Only bit 15 of the receiver buffer register (valid data) is cleared; 
the remaining bits 0 through 14 are not. 

2. The high byte of the transmitter control register is not cleared by 
master clear. 

3. The modem status register is not cleared by master clear. 
Bit: 5 Name: Master Scan Enable 

Description: This read/write bit must be set to permit the receiver 
and transmitter control sections to begin scanning. When cleared, 
Transmitter Ready (CSR bit 15) will be inhibited from setting and the 
received character buffers (silos) will be cleared. 

Bit: 6 Name: Receiver Interrupt Enable 

Description: This bit, when set, permits the setting of CSR bits 7 and 

13 to generate a receiver interrupt request. This bit is a read/write bit. 

Bit: 7 Name: Receiver Done 

Description: This is a read-only bit that will set when a character 
appears at the output of the FIFO buffer. To operate in interrupt per 
character mode, CSR bit 6 must be set and CSR bit 12 must be 
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cleared. With CSR bits 6 and 12 cleared, character flag mode would be 
indicated. Receiver done will clear when the receiver buffer register 
(RBUF) is read or when Master Scan Enable (CSR bit 5) is cleared. If 
the FIFO buffer contains an additional character, the receiver done 
flag will stay cleared a minimum of 1 »s before presenting that charac- 
ter. 

Bit: 8-9 Name: Transmitter Line Number 
Description: These read-only bits indicate the line number whose 
transmit buffer requires servicing. These bits are valid only when 
Transmitter Ready (CSR bit 15) is set and will be cleared when Master 
Scan Enable is cleared. Bit 8 is the least significant bit. 

Bit: 10-11 Name: Not used 
Description: 

Bit: 12 Name: Silo Alarm Enable 

Description: This is a read/write bit; when set, enables the silo alarm 
counter to keep count of the number of characters stored in the FIFO 
buffer. The counter will be cleared when the Silo Alarm Enable bit is 
cleared. Conditioning of this bit must occur prior to any character 
reception. 

Bit: 13 Name: Silo Alarm 

Description: This is a read-only bit set by the hardware after 1 6 char- 
acters have been entered into the FIFO buffer. Silo Alarm will be held 
cleared when Silo Alarm Enable (CSR bit 12) is cleared. This bit will be 
reset by a read to the receiver buffer register and will not set until 16 
additional characters are entered into the buffer. If Receiver Interrupt 
Enable (CSR bit 6) is set, the occurrence of Silo Alarm will generate a 
receiver interrupt request. Reception with CSR bit 6 cleared permits 
flag mode operation of the silo alarm bit. 
Bit: 14 Name: Transmitter Interrupt Enable 

Description: This bit must be set for Transmitter Ready to generate 
an interrupt. It is a read/write bit. 
Bit: 15 Name: Transmitter Ready 

Description: This bit is read-only and is set by the hardware. This bit 
will set when the transmitter clock stops on a line whose transmit 
buffer may be loaded with another character and whose associated 
TCR bit is set. The transmitter line number, specified in CSR bits 8 and 
9, is only valid when Transmitter Ready is set. Transmitter Ready will 
be cleared by any of the following conditions: 

1 . Master Scan Enable cleared 

2. When the associated TCR bit is cleared for the line number point- 
ed to in CSR bits 8 and 9 
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3. At the conclusion of the load instructions of the transmit data 
register (low byte only). 

If additional transmit lines require service, Transmitter Ready will 
reappear within 1.4 fis from the completion of the transmit data regis- 
ter load instruction. The occurrence of Transmitter Ready with Trans- 
mitter Interrupt Enable set will generate a transmitter interrupt re- 
quest. 

Receiver Buffer — The receiver buffer (RBUF) is a 16-bit read-only 
register which contains the received character at the output of the 
FIFO buffer. A read of the register causes the character entry to be 
extracted from the buffer and all other entries to bubble down to the 
lowest unoccupied location. Only the valid data bit (RBUF bit 15) is 
cleared by BINIT or by setting device master clear (CSR bit 4). Bits 0- 
14 are not affected. The bit assignments for the RBUF register are 
listed in Table 4 and the format is shown in Figure 6. 
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Figure 6 Receiver Buffer Bit Assignments 



Table 4 RBUF Bit Assignments 
Bit: 0-7 Name: Received Character 

Description: These bits contain the received character, right-justi- 
fied. The least significant bit is bit 0. Unused bits are 0. The parity bit is 
not shown. 

Bit: 8-9 Name: Received Character Line Number 
Description: These bits contain the line number on which the 
character was received. Bit 8 is the least significant bit. 

Bit: 10-11 Name: Not used 
Description: 

Bit: 12 Name: Parity Error 

Description: This bit is set if the sense of the parity of the received 
character does not agree with that designated for that line. 

Bit: 13 Name: Framing Error 

Description: This bit is set if the received character did not have a 
stop bit present at the proper time. This bit is usually interpreted as 
indicating the reception of a break. 
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Bit: 14 Name: Overrun Error 

Description: This bit is set if the received character was preceded by 
a character that was lost due to the inability of the receiver scanner to 
service the UART receiver holding buffer on that line. 

Bit: 15 Name: Valid Data 

Description: This bit, when set, indicates that the data presented in 
bits 0-14 is valid. This bit permits the use of a character-handling 
program that takes characters from the FIFO buffer until there are no 
more available. This is done by reading this register and checking bit 
15 until the program obtains a word for which bit 15 is zero. 

Line Parameter Register — The line parameter register (LPR) con- 
trols the operating parameters associated with each line in the DZV1 1 . 
The LPR is a word-addressable, write-only register. The line parame- 
ters for all lines must be reloaded following an occurrence of either 
BINIT or device master clear. Table 5 lists bit assignments and the 
format is shown in Figure 7. 
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Figure 7 Line Parameter Register Bit Assignments 
Table 5 LPR Bit Assignments 

Bit: 0-1 Name: Parameter Line Number 
Description: These bits specify the line number for which the param- 
eter information (bits 3 through 12) is to apply. Bit 0 is the least signifi- 
cant bit. 

This bit must always be written as a 0 when specifying the parameter 
line number. Writing this bit as a 1 will extend the parameter line 
number field into nonexistent lines. Parameters for lines 0 through 3 
will not be affected. 

Bit: 2 Name: Not used 

Description: 

Bit: 3-4 Name: Character Length 
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Description: These bits are set to receive and transmit characters of 
the length (excluding parity) shown below. 

4 3 

0 0 5-bit 

0 1 6-bit 

1 0 7-bit 
1 1 8-bit 

Bit: 5 Name: Stop Code 

Description: This bit sets the stop code length (0 = 1-unit stop, 1 = 
2-unit stop, or 1.5-unit stop if a 5-bit character is used). 

Bit: 6 Name: Parity Enable 

Description: If this bit is set, characters transmitted on the line have 
an appropriate parity bit affixed; characters received on the line have 
their parity checked. 

Bit: 7 Name: Odd Parity 

Description: If this bit and bit 6 are set, characters of odd parity are 
generated on the line and incoming characters are expected to have 
odd parity. If this bit is not set but bit 6 is set, characters of even parity 
are generated on the line and incoming characters are expected to 
have even parity. If bit 6 is not set, the setting of this bit is immaterial. 

Bit: 8-11 Name: Speed Code 

Description: The state of these bits determines the operating speed 
for the transmitter and receiver of the selected line. 
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Bit: 12 Name: Receiver Enable 

Description: This bit must be set before the UART receiver logic can 
assemble characters from the serial input line. This bit will be cleared 
following a BINIT or device master clear. 

Bit: 13-15 Name: Not used 
Description: 

Transmitter Control Register — The transmitter control register 
(TCR) is a byte- and word-addressable register. The low byte of the 
TCR contains the transmitter control bits which must be set to initiate 
transmission on a line. Each TCR bit position corresponds to a line 
number. For example, TCR bit 0 corresponds to line 0, bit 1 to line 1, 
etc. Setting a TCR bit causes the transmitter scanner clock to stop if 
the UART for this line has a transmit buffer empty condition. An inter- 
rupt will then be generated if transmitter interrupt enable is set. The 
scanner clock will restart when either the transmit data register is 
loaded with a character or the TCR bit is cleared for the line on which 
the clock has stopped. TCR bits must only be cleared when the scan- 
ner is not running. The format is shown in Figure 8. 
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Figure 8 Transmitter Control Register Bit Assignments 

The TCR bits are represented in bits 0 through 3. These bits are 
read/write and cleared by BINIT or device master clear. Bits 4 through 
7 are unused and read as zero. 

The high byte of the TCR contains the writable modem control lead, 
Data Terminal Ready (DTR). Bit designations are as follows. 



Bit Name 

8 DTR Line 0 

9 DTR Line 1 

10 DTR Line 2 
1 DTR Line 3 

12-15 Unused. Read as zero 



Assertion of a data terminal ready bit puts an ON condition on the 
appropriate modem circuit for that line. Data terminal bits are 
read/write and cleared only by BINIT. Jumpers have been provided to 
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allow the request to send circuits to be asserted with data terminal 
ready assertions. 

Modem Status Register — The modem status register (MSR) is a 16- 
bit read-only register. A read to this register results in the status of the 
readable modem control leads, ring and carrier. The ON condition of a 
modem control lead is interpreted as a logical 1. Bits 4 through 7 and 
12 through 15 are unused and read as a zero. Remaining bit designa- 
tions are shown in Figure 9 and explained below. 
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Figure 9 Modem Status Register Bit Assignments 



Bit 
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Unused. Read as zero. 



Transmit Data Register — The transmit data register (TDR) is a byte- 
and word-addressable, write-only register. Characters for transmis- 
sion are loaded into the low byte. TDR bit 0 is the least significant bit. 
Loading of a character should occur only when Transmitter Ready 
(CSR bit 15) is set. The character that is loaded into this register is 
directed to the line defined in CSR bits 8 and 9. The high byte of the 
transmit data register is designated as the break control register. The 
bit designations are shown in Figure 10. 
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Figure 1 0 Transmit Data Register Bit Assignments 
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Each of the four multiplexer lines has a corresponding break bit for 
that line. TDR bit 8 represents the break bit for line 0, TDR bit 9 for line 
1, etc. TDR bits 12 through 15 are unused. Setting a break bit will force 
that line's output to space. This condition will remain until cleared by 
the program. This register is cleared by BINIT or device master clear. 
The break control register can be used regardless of the state of the 
device maintenance bit (CSR bit 3). 

PROGRAMMING 

The DZV1 1 has several programming features that allow control of 
baud rate, character length, stop bits, parity, and interrupts. This sec- 
tion discusses the application of these controls to achieve the desired 
operating parameters. 

Baud Rate 

Selection of the desired transmission and reception speed is con- 
trolled by the conditions of bits 8-1 1 of the LPR. The baud rate for each 
line is the same for both the transmitter and receiver. The receiver 
clock is turned on and off by setting and clearing bit 12 in the LPR for 
the selected line. 

Character Length 

The selection of one of the four available character lengths is con- 
trolled by bits 3 and 4 of the LPR. The bit conditions for bits 4 and 3, 
respectively, are as follows: 00 (5-level), 01 (6-level), 10 (7-level), and 
1 1 (8-level). For character lengths of 5, 6, and 7, the high-order bits of 
the received character are forced to zero. 

Stop Bits 

The length of the stop bits in a serial character is determined by bits 5 
of the LPR. If bit 5 is a zero, the stop length is one unit; bit 5 set to a one 
selects a 2-unit stop unless the 5-level character length (bits 3 and 4 at 
zero) is selected, in which case the stop bit length is 1 .5 units. 

Parity 

The parity option is selected by bit 6 of the LPR. Parity is enabled on 
transmission and reception by setting bit 6 to a one. Bit 7 of the LPR 
allows selection of even or odd parity, and bit 6 must be set for bit 7 to 
be significant. The parity bit is generated and checked by hardware 
and does not appear in the RBUF or TBUF. The parity error (bit 12, 
RBUF) flag is set when the received character has a parity error. 
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Interrupts 

The Receiver Interrupt Enable (RIE) and Silo Alarm Enable (SAE) bits 
in the CSR control the circumstances upon which the DZV11 receiver 
interrupts the processor. 

If RIE and SAE are both clear, the DZV1 1 receiver will not interrupt the 
processor. In this case, the program must periodcally check for the 
availability of data in the silo and empty the silo when data is present. If 
the program operates off a clock, it should check for characters in the 
silo at least as often as the time it takes for the silo to fill, allowing a 
safety factor to cover processor response delays and time to empty 
the silo. The RDONE bit in the CSR will set when a character is avail- 
able in the silo. The program can periodically check this bit with a 
TSTB or BIT instruction. When RDONE is set, the program should 
empty the silo. . 

If RIE is set and SAE is clear, the DZV1 1 will interrupt the processor to 
the DZV11 receiver vector address when RDONE is set, indicating the 
presence of a character at the bottom of the silo. The interrupt service 
routine can obtain the character by performing a MOV instruction 
from the RBUF. If the program then dismisses the interrupt, the DZV1 1 
will interrupt when another character is available (which may be 
immediately is additional characters were placed in the silo while the 
interrupt was being serviced.) Alternatively, the interrupt service rou- 
tine may respond to the interrupt by emptying the silo before dismiss- 
ing the interrupt. 

If RIE and SAE are both set, the DZV1 1 will interrupt the processor to 
the DZV1 1 receiver vector when the Silo Alarm (SA) bit in the CSR is 
set. The SA bit will be set when 16 characters have been placed in the 
silo since the last time the program has accessed the RBUF. Access- 
ing the RBUF will clear the SA bit and the associated counter. The 
program should follow the procedure described to empty the silo 
completely in response to a silo alarm interrupt. This will ensure that 
any characters placed in the silo while it is being emptied are proc- 
essed by the program. 

NOTE 

If the program processes only 16 entries in response 
to each silo alarm interrupt, characters coming in 
while interrupts are being processed will build up 
without being counted by the silo alarm circuit and 
the silo may eventually overflow without the alarm 
being issued. 
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If the silo alarm interrupt is used, the program will not be interrupted if 
fewer than 16 characters are received. In order to respond to short 
messages during periods of moderate activity, the program should 
periodically empty the silo. The scanning period will depend on the 
required responsiveness to received characters. While the program is 
emptying the silo, it should ensure that DZV11 receiver interrupts are 
inhibited. This should be done by raising the LSI-1 1 processor priority. 
The silo alarm interrupt feature can significantly reduce the processor 
overhead required by the DZV1 1 receiver by eliminating the need to 
enter and exit an interrupt service routine each time a character is 
received. 

The Transmitter Interrupt Enable (TIE) bit controls transmitter inter- 
rupts to the processor. If enabled, the DZV1 1 will interrupt the proces- 
sor at the DZV1 1 transmitter interrupt vector when the transmitter 
ready (TRDY) bit in the CSR is set, indicating that the DZV1 1 is ready 
to accept a character to be transmitted. 

Emptying the Silo 

The program can empty the silo by repeatedly performing MOV in- 
structions from the RBUF to temporary storage. Each MOV instruction 
will copy the bottom character In the silo so it will not be lost and will 
clear out the bottom of the silo, allowing the next character to move 
down for access by a subsequent MOV instruction. The program can 
determine when it has emptied the silo by testing the DATA VALID bit 
in each word moved out of the RBUF. A zero value indicates that the 
silo has been emptied. The test can be performed conveniently by 
branching on the condition code following each MOV instruction. The 
TST or BIT instruction must not access the RBUF because these 
instructions will cause the next entry in the silo to move down without 
saving the current bottom character. Furthermore, following a MOV 
from the RBUF, the next character in the silo will not be available for at 
least one us. Therefore, on fast CPUs, the program must use sufficient 
instructions or NOPs to ensure that successive MOVs from the RBUF 
are separated by a minimum of one us. This will prevent a false indica- 
tion of an empty silo. 

Transmitting a Character 

The program controls the DZV1 1 transmitter through four registers on 
the QBUS: the control and status register (CSR), the line parameter 
register (LPR), the transmit control register (TCR), and the transmit 
data register (TDR). 
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Following DZV1 1 initialization, the program must use the LPR to speci- 
fy the speed and character format for each line to be used and must 
set the Master Scan Enable (MSE) bit in the CSR. The program should 
set the Transmitter Interrupt Enable (TIE) bit in the CSR if it wants the 
DZV1 1 transmitter to operate on a program interrupt basis. 

The TCR is used to enable and disable transmission on each line. One 
bit in this register is associated with each line. The program can set 
and clear bits by using MOV, MOVB, BIS, BISB, BIC, and BICB in- 
structions. (If word instructions are used, the line enable bits and the 
DTR bit are simultaneously accessed.) 

The DZV1 1 transmitter is controlled by a scanner which is constantly 
looking for an enabled line (line enable bit set) which has an empty 
UART transmitter buffer. When the scanner finds such a line, it loads 
the number of the line into the 2-bit transmit line number (TLINE) field 
of the CSR and sets the TRDY bit, interrupting the processor if the TIE 
bit is set. The program can clear the TRDY bit by moving a character 
for the indicated line into the TBUF or by clearing the line enable bit. 
Clearing the TRDY bit frees the scanner to resume its search for lines 
needing service. 

To initiate transmission on an idle line, the program should set the 
TCR bit for that line and wait for the scanner to request service on the 
line, as indicated by the scanner loading the number of the line into 
TLINE and setting TRDY. The program should then load the character 
to be transmitted into the TBUF by using a MOVB instruction. If inter- 
rupts are to be used, a convenient way of starting up a line is to set the 
TCR bit in the main program and let the normal transmitter interrupt 
routine load the character into the TBUF. 

NOTE 

The scanner may find a different line needing service 
before it finds the line being started up. This will 
occur if other lines request service before the 
scanner can find the line being started. The program 
must always check the TLINE field of the CSR when 
responding to TRDY to ensure it loads characters for 
the correct line. Assuming the program services 
lines are requested by the scanner, the scanner will 
eventually find the line being started. If several lines 
require service, the scanner will request service in 
priority order as determined by line number. Line 3 
has the highest priority and line 0 the lowest. 
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To continue transmission on a line, the program should load the next 
character to be transmitted into the TBUF each time the scanner re- 
quests service for the line as indicated by TUNE and TROY. 

To terminate transmission on a line, the program loads the last char- 
acter normally and waits for the scanner to request an additional char- 
acter for the line. The program clears the Line Enable bit at this time 
instead of loading the TBUF. 

The normal rest condition of the transmitted data lead of any line is the 
1 state. The break bits are used to apply a continuous 0 signal to the 
line. One bit in the TDR is associated with each line. The line will 
remain in this condition as long as the bit remains set. The program 
should use a MOVB instruction to access the BRK bits. If the program 
continues to load characters for a line after setting the break bit, trans- 
mitter operation will appear normal to the program despite the fact 
that no characters can be transmitted while the line is in the 
continuous 0 sending state. The program may use this facility for 
sending precisely timed 0 signals by setting the break bit and using 
Transmit Ready interrupts as a timer. 

It should be remembered that each line in the DZV11 is double buff- 
ered. The program must not set the BRK bit too soon or the two data 
characters preceding the break may not be transmitted. The program 
must also ensure that the line returns to the 1 state at the end of the 0 
sending period before transmitting any additional data characters. 
The following procedure will accomplish this. When the scanner re- 
quests service the first time after the program has loaded the last data 
character, the program should load an all-zero character. When the 
scanner requests service the second time, the program should set the 
BRK bit for the line. At the end of the zero sending period, the program 
should load an all-zero character to be transmitted. When the scanner 
requests service, indicating this character has begun transmission, 
the program should clear the BRK bit and load the next data charac- 
ter. 

Data Set Control 

The program may sense the state of the carrier and ring indicator 
signals for each data set and may control the state of the data terminal 
ready signal to each data set. The program uses two registers to 
access the DZV1 1 data set control logic. There are no hardware inter- 
locks between the data set control logic and the receiver and 
transmitter logic. Any required coordination should be done under 
program control. 
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The Data Terminal Ready (DTR) bits in the TCR are read/write bits. 
Setting or clearing a bit in this register will turn the appropriate DTR 
signal on or off. The program may access this register with word or 
byte instructions. (If word instructions are used, the DTR and line 
enable bits will be simultaneously accessed.) The DTR bits are cleared 
by the INIT signal on the QBUS but are not cleared if the program 
clears the DZV1 1 by setting the CLR bit of the CSR. 

The carrier (CO) and ring (Rl) bits in the MSR are read-only bits. The 
program can determine the current state of the carrier signal for a line 
by examining the appropriate bit in the MSR. It can determine the 
current state of the ring signal by examining the appropriate bit of the 
ring register. The program can examine these registers separately by 
using MOVB or BITB instructions or can examine them as a single 16- 
bit register by using MOV or BIT instructions. The DZV11 data set 
control logic does not interrupt the processor when a carrier or ring 
signal changes state. The program should periodically sample these 
registers to determine the current status. Sampling at a high rate is not 
necessary. 

Device Address Assignments 

The device address assigned to the DZV11 resides in the floating 
address space according to appendix A. This address space ranges 
from 160010 8 to 163776 8 . Each DZV11 requires increments of 10 8 ad- 
dress locations and the first option should be configured with an ad- 
dress of 160010 8 . The initial configured address assumes that the 
system consists of only DZV11s In the floating address field. If the 
DUV11 option is also configured in the floating address field, assign 
the DZV11 an address which establishes a gap of 10 8 address loca- 
tions between the last DUV11 and the first DZV11. For example: If the 
system consisted of one DUV1 1 located at 160010 8 , the DZV1 1 should 
be configured with an address of 160030 8 . 

Interrupt Vector Address Assignments 

The DZV1 1 device vector address is selected from the floating vector 
space according to appendix A. This space ranges from address 300 8 
to address 776 e . Each DZV1 1 requires increments of 10 8 address loca- 
tions for its two contiguous interrupt vectors. If the DZV1 1 is the only 
option in the floating vector area, configure it for a vector of 300 8 . If 
there are options other than the DZV1 1 residing in the floating vector 
area, other configuration rules must be applied. When configuring the 
device vector, only the first vector address must be considered. The 
first vector, or base vector, must start on a zero boundary. 
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A zero boundary is one which has the three least significant bits equal 
to zero. The second vector is controlled by the first vector and data bit 
2. Data bit 2 is generated by the M7957 hardware. 

Any option ahead of DZV1 1 in the floating vector space which is not in 
the configuration should not occupy any vector space gap. For 
example, if only one DZV1 1 is in the system, the vector for the DZV1 1 
should be 300. 

Each DZV11 requires two interrupt vectors, one for the transmitter 
section and one for the receiver section. If simultaneous interrupt re- 
quests were generated from each section, the receiver section would 
have priority in placing its vector onto the LSI-1 1 bus. A receiver Inter- 
rupt to address XXO will be generated from having either a Receiver 
Done (CSR 7) or Silo Alarm (CSR 13) occurrence. A transmitter inter- 
rupt to address XX4 will be generated by Transmitter Ready (CSR 15). 
Additional prerequisites for generating interrupts are that the individu- 
al interrupt enable bits (CSR 6 and CSR 14) be set. The recommended 
method of clearing interrupt enable bits is first to raise the processor 
status word to level 4, next to clear these interrupt enable bits, and 
then to lower the Processor Status Word to zero. Using this method 
prevents false interrupts from being generated. 
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H780 POWER SUPPLY 
GENERAL 

Six H780 power supply options are available for use in system appiica- 
tons. The six models provide for a choice of input voltage (115 Vac or 
230 Vac, nominal), and master console, slave console, or no console. 

All models are used for supplying dc operating voltages to an LSI-1 1 
bus backplane. In addition, each model generates a proper power- 
up/power-down sequence of BDCOK H and BPOK H LSI-11 bus sig- 
nals. Master console-equipped and slave console-equipped models 
can be interconnected to allow control of both supplies from the mas- 
ter console. 

FEATURES 

• +5V ±3%, 18 A (maximum) and +12V ±3%, 3.5 A (maximum); 
combined dc power must not exceed 110 W. 

• Overcurrent/short-circuit protection— Output voltages return to 
normal after removal of overload or short. Current limited to ap- 
proximately 1.2 times the required maximum rating. 

• Overvoltage protection— +5V limited to +6.3V (approximately); 
+12V limited to + 15V (approximately). 

• Line-time clock— A bus-compatible signal is generated by the 
power supply for the event (line-time clock) interrupt input to the 
processor. This signal is either 50 or 60 Hz, depending on primary 
power line frequency input to the power supply. 

• Power-fail/automatic restart— Fault detection and status circuits 
monitor ac and dc voltages and generate bus-compatible BPOK H 
and BDCOK H signals (respectively) to inform the LSI-1 1 bus mod- 
ules of power supply status. 

• Fans— Built-in fans provide cooling for the power supply and mod- 
ules contained in the system backplane. 

SPECIFICATIONS 

Input voltage (Continuously— see Note 1) 
100-127 Vac (H780-C, -H, -K) 
200-254 Vac (H780-D, -J, -L) 

Temporary Line Dips Allowed 
100% of voltage, 20 msec max 
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AC Inrush Current 
70 A at 1 27V, 60 Hz (8.33 msec) 
25 A at 254V, 50 Hz (10 msec) 

Input Power (fans included) 
340 W at full load max 
290 W at full load typical 

EMI (Emission and Susceptibility) 
Per DEC STD 102.7 and VDE N-1 2 Limits 

Input Protection 
H780-C, -H, -K (100-127 Vac) fast blow, 5 A fuse 
H780-D, -J, -L (200-254 Vac) fast blow, 2.5 A fuse 

Hi-Pot 

2 kV for 60 seconds from input to output, or input to chassis 

Output Power (combinations not to exceed 1 10 W) 
+5V, 1.5A-18A 
+ 12V, 0.25 A-3.5A 

Maximum DC Current under Fault Conditions 
+5V bus = 28 A 
+12V bus = 9.5 A 
+5V Output 

Total Regulation 

Line Regulation 

Load Regulation 

Stability 

Thermal Drift 

Ripple 

Dynamic Load Regulation 



Noise 

Interaction due to +12V 

+12V Output 
Total Regulation 
Line Regulation 
Load Regulation 
Stability 



5V ±3% 
±0.5% 
±1.0% 

0.1%/1000 hours 
0.025%/°C (See Note 2) 
150 mV p-p (1% for f <3 kHz) 
±1.2% 
di/dt = 0.5 A fiS 
delta I = 5 A 

1 % peak at f > 100 kHz (noise 
is super-imposed on ripple) 
±0.05% 

12V ±3% 

±0.25% 

±0.5% 

0.1%/1000 hours 

(See Thermal Drift Note 2) 

0.025%/°C above 25°C 
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Ripple 

Dynamic Load Regulation 
Noise 

Interaction due to +5V 



350 mVp-p (1% for f <3 kHz) 
±0.8% 

di/dt = 0.5 A usee 
f <500 Hz 
delta I = 3 A 

1 % peak atf > 100 kHz (noise 
is super-imposed on ripple) 
±0.02% 



Overvoltage Protection 
+5V 



+12V 



Adjustments 
+5V Output 

+12V Output 

Controls 
Rear Panel 
Front Console 

(Master only) 
Console Indicators 



Backplane Signals 
BPOKH 
BDCOK H 

BEVNT L Transmitted 
BHALT L 
SHRUN L 



6.3V nominal 
5.65V min 
6.8V max 

15V nominal 
13.6V min 
16.5V max 

4.05V-6.8V 

Guarantee Range 4.55-5.65V 
10.6V-16.5V 

Guarantee range 1 1 .7-1 3.6V 

AC ON/OFF switch 
DC ON/OFF switch 
HALT/ENABLE switch 
LC ON/OFF switch 

DC ON 
RUN (Master) 
SPARE (Master only) 



Received (Master only) 



Mechanical 

Cooling 

Two self-contained fans provide 0.7140 m 3 /min (30 ft 3 /min) air flow. 
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Size 

13.97 cm w X 8.43 cm h X 37.15 cm I 
(5-1/2 in wX 3-1/3 in h X 14-5/8 in I) 

Weight 
5.90 kg (13 lb) 

Environmental 

Temperature 
Ambient 5° to 50° C (41 0 to 1 22° F) 

Storage -40° to +70° C (-40° to +158° F) 

Humidity 

90% maximum without condensation 



NOTES 

1. Operation from ac lines below 100V may cause the power supply 
to overheat because of decreased air flow from the cooling fans. 

2. These parameters apply after 5 minutes of warm up and are mea- 
sured with an averaging meter at the processor backplane termi- 
nal block under system loading. 

DESCRIPTION 
General 

Six H780 power supply options are available for use in LSI-11 bus 
systems. Individual model numbers determine combinations of 1 15 or 
230 Vac (nominal) primary power and selection of master console, 
slave console, or no console. Models are listed below. 



H780 




Console 




Model No. 


Input Power 


Description 


Fi 


H780-C 


115V 


None 


1 


H780-D 


230V 


None 


1 


H780-H 


115V 


Master 


2 


H780-J 


230V 


Master 


2 


H780-K 


115V 


Slave 


3 


H780-L 


230V 


Slave 


3 



The H780 master console contains RUN and DC ON indicators for 
monitoring the processor states, as well as DC ON/DC OFF, LTC 
ON/OFF, and ENABLE/HALT switches for controlling the processor. 
The slave console contains only a DC ON indicator for monitoring the 
status of the slave power supply. 
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In addition to producing dc operating voltages (+5V, 18 A and +12V, 
3.5 A) for system components, the H780 power supply automatically 
sequences BPOK and BDCOK bus signals for proper power- 
up/power-down operation. The power supply can be used as a stand- 
alone unit or it can be used with a backplane. Built-in cooling fans 
provide forced air cooling for the H780, and, when mounted to an 
H9270 backplane, also provide cooling for the system modules 
mounted in the backplane. High-frequency, low-voltage switching re- 
gulators and a multiplexing scheme provide control of overcurrent, 
overvoltage, slow voltage buildup, low line voltage, and short-circuit 
protection. 




Figure 1 H780-C and -D Power Supplies 




Figure 2 H780-H and -J Power Supplies 
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Figure 4 is a block diagram of the H780 power supply. AC line voltage 
is applied to the two cooling fans and to the power transformer. The 
transformer has dual primary windings to meet U.S. and European 
power requirements. A single secondary winding generates a 
stepped-down ac voltage which is rectified and filtered to produce 26 
Vdc (nominal) unregulated. The unregulated 26 Vdc is applied to two 
3-terminal regulators which produce -15V and +5V for the H780 in- 
ternal circuits. Unregulated 26 Vdc is also applied to +5V and +12V 
high-frequency, high-efficiency switching regulators. The outputs of 
the +5V and +12V switching regulators supply operating power to the 
backplane. Each switching regulator circuit is designed for good fre- 
quency stability, high noise rejection levels, and excellent load and 
line regulation. An L-C output filter and a fast-recovery diode are used 
in each switching regulator circuit. The +5V switching regulator oper- 
ates at a frequency from 7 kHz to 12 kHz, while the +12V switching 
regulator operates from 8 kHz to 14 kHz. Both switching regulator 
circuits are protected from overvoltage, overcurrent, and short-circuit 
outputs. In addition, failsafe short-circuit startup is provided, along 
with protection against a short between the +5V and +12V outputs. 
Logic signal generation circuits within the H780 provide for proper 
power sequencing of the processor, as well as the generation of the 
line-time clock (BEVNT L) and power supply status signals. H780-H 
and -J options are supplied with a console which contains RUN and 
DC ON indicators for monitoring the processor and power supply 
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states, as well as DC ON/DC OFF, LTC ON/OFF, and ENABLE/HALT 
switches for controlling the system. The H780-K and -L options have a 
console which contains only a DC ON indicator. H780-C and -D op- 
tions have no console panel. 




Figure 4 H780 Power Supply Block Diagram 



Unregulated Voltage and Local Power Circuits — Unregulated 
voltage and local power circuits provide operating dc power for power 
supply logic and control circuits, and dc power for the +5V and +12V 
regulator circuits. These circuits are shown in Figure 5. AC power is 
supplied to the H780 via an ac input plug and cable. A toggle switch 
mounted on the rear of the H780 applies ac power to the power sup- 
ply. Normally, this switch remains in the ON position, allowing ac 
power to be controlled by power distribution and control circuits exter- 
nal to the H780. Primary circuit overload protection is provided by a 
fuse mounted on the rear of the H780. 
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Figure 5 Unregulated Voltage and Local DC Power Circuits 



Primary power circuits are factory-wired for 115 Vac (H780-C, -H, -K) 
or 230 Vac (H780-D, -J, -L) operation. Power transformer primary 
windings and the two fans operate directly from the switched ac 
power. 

A single center-tapped secondary winding supplies power for regula- 
tor circuits and internal circuit operation. Conventional full-wave recti- 
fiers and a -15V, 3-terminal regulator IC provide regulated voltage for 
internal distribution. The rectifiers also provide unregulated +30V (+V 
UNREG) for internal distribution and regulator operation. A 3-terminal 
regulator integrated circuit provides 5V +5 A power for H780 logic and 
control circuits. The +5V and +12V regulators use the same V UNREG 
voltage for regulation and distribution to the processor modules. AC 
voltage from one side of the transformer secondary is also routed to 
the line-time clock (LTC) circuit, which generates a BEVNT L bus 
signal for a line-time clock processor interrupt. When used with a 60 
Hz line frequency, the interrupt occurs at 16.667 msec intervals; a 50 
Hz line frequency will produce interrupts at 20 msec intervals. 

+5V and +12V Switching Regulator Circuits — Both +5V and +12V 
regulator circuits receive the +V UNREG input power. The +5V and 
+12V regulator circuits are identical except for component values. 
Hence, only the basic +5V regulator is described in detail. 
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The basic regulator is a switching regulator which operates at approxi- 
mately 10 kHz. The main controlling element is a 3-terminal regulator 
which operates at approximately the regulated output voltage level. 
Basic regulator circuits are shown in Figure 6. Note that the ground 
terminal of the 3-terminal regulator is connected to a circuit that allows 
adjustment of the terminal voltage over a -0.7V to +1.5V range. 
Hence, the 3-terminal regulator output in the +5V regulator circuit can 
range from 4.3V to 6.8V (approx). 




Figure 6 Basic Regulator Circuit 



Normal switching regulator operation is accomplished when the con- 
trol transistor is turned on. Forward-bias for the control transistor is 
supplied via R14. It is turned off only during fault conditions (overcur- 
rent or shorted output voltage) or when the input ac line voltage is 
below specifications. Its emitter supplies unregulated voltage to the 3- 
terminal regulator. At less than 50 mA regulator output current (ap- 
proximately), the 3-terminal regulator supplies the output voltage. 
However, as load current through the 3-terminal regulator is increased 
beyond this value, the voltage drop across R27 and forward-biases the 
driver transistor. The pass switch transistor then turns on and applies 
the +V UNREG to L2. The output .capacitor then charges toward the 
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+5V value, current limited by the inductance of L2. When the output 
voltage rises to the 3-terminal regulator regulation voltage, the 3-ter- 
minal regulator turns off; current through R27 stops, and the driver 
transistor is not forward-biased. Hence, the driver and pass switch 
transistors cut off. The energy stored in L2 continues to charge the 
capacitor bank slightly beyond the designed output voltage via the 
free-wheeling diode and the current sense resistor. Once the induc- 
tor's stored energy is spent, the load discharges the output capacitor 
until the output voltage drops below the 3-terminal regulator's regula- 
tion voltage. At that point, current through R27 increases and turns on 
the driver and pass switch transistors, and the cycle repeats. Note that 
as the load is increased, the pass switch must remain on longer in 
order to charge the output capacitor to the regulated voltage value. 
This process repeats at a 7-12 kHz rate, producing the switching regu- 
lator operation. 

Switching losses in the pass switch transistor are minimized by the 
snubber network. This network operates during the "off" switching 
transient (as the pass switch is biased-off) by controlling the rate of 
increasing collector to emitter voltage as collector current decreases. 

The control transistor is turned off during a fault condition by overload 
and short-circuit protection circuits. When a fault condition is 
detected, the control transistor's base voltage drops to nearly OV, 
causing it to cut off. When cut off, operating voltage is removed from 
the 3-terminal regulator and R27 current is 0, disabling the switching 
regulator circuit. 

Overload and Short-Circult Protection Circuits — Each H780 dc out- 
put is overload and short-circuit protected. When in an overload con- 
dition, excessive power supply current is sensed, causing both switch- 
ing regulators to go off and then cycle on and off at a low-frequency 
rate (approximately 7.5 Hz) until the overload is removed. Each time 
the power supply cycles on, the circuit checks for the overload condi- 
tion. If the load current returns to normal, the 10 kHz switching 
regulator operation resumes. 

Overcurrent sensing circuits for +5 and +12 Vdc outputs are identical 
except for component values. A 5V power supply overcurrent condi- 
tion results in an increased voltage drop across the current sense 
resistor (Figure 7), forward-biasing the current sense transistor. (Dur- 
ing normal operation, this transistor is not forward-biased.) Current 
sense transistor collector (Q8) voltage then drops from near +V UN- 
REG to the +5V regulator output value; this voltage, which is less than 
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the + 13.8V reference applied to current limit comparator's inverting 
input, is diode-coupled to the comparator's non-inverting input, caus- 
ing the comparator's output to go low; the diode coupling provides an 
OR logic function for both the +5V and +12V overcurrent fault 
conditions. The comparator's low output signal triggers the 50 usee 
one-shot, whose OVERCURRENT L pulse output triggers the 135 
msec one-shot and sets the Current Limit flip-flop. The OVERCUR- 
RENT L pulse is also ORed with the POWER OFF L signal, turning on 
the +5V and +12V hold-off transistors. Both switching regulators are 
then disabled. The high 135 msec one-shot output pulse is ANDed 
with the Current Limit flip-flop output, turning on +5V and +12V ex- 
tended hold-off transistors. Hold-off signals remain in this state and 
inhibit switching regulator operation for the 135 msec pulse duration. 
At the end of this time, the 135 msec one-shot resets, terminating the 
delayed hold-off signals, and triggers the 2 msec one-shot. Its active 
low output resets the Current Limit flip-flop and clears the 135 msec 
one-shot for 2 msec, allowing the regulator pass switch transistors to 
operate for 2 msec (minimum). At the end of this time, the 135 msec 
one-shot is again enabled (the clear input goes high) and a new over- 
current cycle is enabled. If the overload is removed, normal operation 
resumes; otherwise, the overload causes a new overload condition to 
occur and the cycle repeats, as described above. 




Figure 7 Overload and Short-Circuit Protection Circuits 
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Switching regulator operation is suspended when the operator places 
the DC ON/OFF switch in the OFF position. Logic signal generation 
circuits respond by immediately asserting BPOK H low to initiate a 
processor power-fail sequence. After a 5-10 msec "pseudo delay," 
POWER OFF L is asserted low. This low signal is wire-ORed with 
OVERCURRENT L, inhibiting the switching regulator operation, and dc 
power is removed from the backplane. 

+5 V and +12 V Crowbar Circuits - Crowbar circuits are 
connected across both +5 V and + 1 2 V power supply outputs for over- 
voltage protection. An overvoitage condition could occur if + 1 2 V and 
+ 5 V outputs shorted together, or if a driver or switch transistor be- 
comes shorted. When shorted to a higher voltage source, the crowbar 
fires, shorting the supply voltage that is protected to ground (dc return). 
In this condition, the overload and short-circuit protection circuits 
respond by limiting the duty cycle of the switch transistor until the over- 
voltage source is removed. However, when the overvoitage is caused by 
a shorted driver or switch transistor, short-circuit protection is 
ineffective, and the excessive current caused by the crowbar circuit firing 
will blow the regulator's fuse (F1 for +5 V or F2 for + 12 V). 

The crowbar circuit for the +5 V output is shown in Figure 8 It 
comprises a 5.6 zener diode D9. diode D8. programmable unijunction 
transistor Q9 and silicon-controlled rectifier Q1 5. Q1 5. R1 9. D8, and D9 
supply the 6.1 Vdc (approx) crowbar reference (threshold) voltage to the 
gate of Q9 via R2 1 . Q9 is normally off and its cathode supplies a 0 V 
gate input to Q15. An overvoitage will present a significantly higher 
voltage to the anode of Q9 (connected directly to + 5 V) than to its gate 
(clamped by D8 and D9 to approximately 6.1 V). This triggers Q9 and its 
cathode voltage rises to the anode potential. Q15 then fires and shorts 
(crowbars) the supply output. The circuit remains in this condition until 
the overvoitage is removed (Q1 5 current goes to zero) and either the 
power supply switch transistor is off, due to short-circuit protection, or 
the regulator's dc fuse opens. Capacitor C7 decouples the gate of Q7 to 
prevent noise on + 5 V from activating the crowbar. 



+ 5V 
SWITCHING 
REGULATOR 
OUTPUT 




Figure 8 Crowbar Circuit 
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The +12 V crowbar circuit functions in a similar manner. However, the 
unijunction gate reference voltage for this power supply is approximately 
13.5 V. 

Logic Signal Generation Circuits - Logic signal generation 
circuits produce LSI- 11 bus signals for power-normal/power-fail and 
line-time clock interrupt functions and processor Run-Enable/Halt mode. 
The RUN indicator circuit monitors the SRUN L backplane (nonbused) 
signal and provides an active display when the processor is in the Run 
mode. BPOK H and BDCOK H indicate power status. When both are 
high, power to the LSI- 1 1 bus is normal and no power-fail condition is 
pending. However, if primary power goes abnormally low (or is removed) 
for more than 16.5 ms, BPOK H goes low and initiates a power-fail 
processor interrupt. If the power-fail condition continues for more than 
an additional 4 ms, a "pseudo delay" circuit causes BDCOK H to go low. 
The circuit also causes the overload and short-circuit protection circuit to 
inhibit +5 V and +12 V control transistors; normal output voltages are 
available for 50 us (minimum) after BDCOK H goes low (depending on 
the loading of the dc output voltages). The DC ON/OFF switch simulates 
an AC ON/OFF operation by turning switching regulators on or off with- 
out turning system primary power off. A normal power-up/power-down 
sequence is produced by this circuit. The line-time clock circuit produces 
a processor interrupt at the power line frequency (either 50 or 60 Hz). 
The circuit simply asserts the BEVNT L line at the line frequency. 

DC voltage monitor circuits respond to both + 5 V and + 1 2 V power 
supply outputs. A +2.5 V reference at the voltage comparator's non- 
inverting input is established by + 5 A and a voltage divider comprised of 
R25 and R3, as shown in Figure 9 ■ Voltages are sensed at the 
anodes of diodes D17 and D35. 

The sensed voltage to the voltage comparator's inverting input is nor- 
mally 5 V, causing the comparator's output to go low. The low signal 
forward-biases DC ON panel indicator driver transistor Q10, producing a 
DC ON indication, and reverse-biases the BDCOK H FET bus driver Q6 
As a result, Q6 cuts off, and its source voltage rises to +5 V, producing 
the active BDCOK H signal. 

When either (or both) power supply output is 0 V, the voltage at the 
voltage comparator's inverting input is less than the +2.5 V reference. 
Hence, the comparator's output goes high, turning off the DC ON 
indicator and allowing Q6 to conduct. Q6 asserts the BDCOK H signal 
low, indicating that a dc power-fail condition exists. When normal power 
is restored, as during the power-up sequence, C37 charges via R50. 
When the C37 voltage exceeds the +2.5 V reference, the comparator's 
output then goes low (normal). 
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Figure 9 Logic Signal Generation Circuits 



AC voltage monitor circuits include an ac low comparator, a 16.5 ms 
delay, and a BPOK H bus driver circuit, which is enabled only when 
BDCOK H is in the active (dc voltage normal) state. Rectifiers D2 and D3 
produce positive-going dc voltage pulses at twice the ac line frequency. 
R32. R12, and C1 produce nominal +3.9 V (peak) normal line voltage 
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pulses which are coupled to the noninverting input of the ac low com- 
parator via R48. R8 and R9 produce a +2.5 V reference for the com- 
parator's inverting input. The comparator's normal output is a series of 
pulses occurring at twice the ac power line frequency. Each positive- 
going leading edge retriggers the 1 6.5 ms one-shot, keeping it in the set 
state. The 16.5 ms one-shot output is diode-ORed with DCOK L via 
diodes D25 and D23 and PWR OFF H via D24. Normally, the three 
signals are low and Q1 1 remains cut off. In this condition, C4 charges to 
+ 3.125 V via R36 and R38. This signal is then applied to the power OK 
comparator's inverting input via R24. Since the noninverting input is 
referenced to +2.5 V by voltage divider R5 and R6. the comparator's 
output goes low. biasing off FET Q5. Q5's source voltage then rises 
toward +5 V via R46, producing the active BPOK H sjgnal. Power- 
up/power-down sequence timing is shown in Figure 10 . 



POWER DOWN 



Figure 10 Power-Up/Power-Down Sequence 

A power failure is first detected when the pulsating dc voltage at the ac 
low comparator's noninverting input is less than +2.5 V (peak). The 
comparator's output then remains low, allowing the 1 6.5 ms one-shot to 
go out of the retrigger mode. The one-shot resets 16.5 ms after the 
leading edge of the last valid ac voltage alternation; the 1 6.5 ms delay is 
equivalent to a full line cycle (two-alternate) failure. The high one-shot 
output is then coupled via D23 to the base of Q1 1 , forward-biasing it. 



Q11 conducts and rapidly discharges C4; 
current. 



R36 limits peak discharge 



The low voltage thus produced is less than the +2.5 V reference at the 
power OK comparator's input, and its output goes high. Q5 then con- 
ducts and asserts the BPOK H signal low (power fail). The AC LO H 
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signal produced by the 16.5 ms one-shot is coupled via D34 to C39 on 
the inverting input of AC OK comparator E5. When C39's voltage rises 
above 2.5 V. the comparator's output goes low, turning off the DC ON 
indicator, negating BDCOK via the dc voltage monitor circuit, and turn- 
ing off the regulator circuits by asserting POWER OFF L via D27. 

When normal power is restored, the 16.5 ms one-shot returns to the 
retrigger (set) mode. AC LO H goes low and enables the dc voltage 
monitor and regulator circuits. The low AC LO H signal also removes 
forward bias from the base of Q1 1, cutting it off. Its collector voltage 
then rises as C4 charges at a relatively slow rate. R38 controls the 
charging rate of C4 and ensures that ac voltage and dc output voltages 
are normal for approximately 100 ms (70 ms minimum) before BPOK H 
goes high. 

The DC ON/OFF switch simulates a power failure when it is placed in 
the OFF position. Cross-coupled inverters provide switch debounce pro- 
tect on and a low (false) DC ON H signal is produced. This signal is 
inverted to produce a high PWR OFF H signal that is coupled via 026 to 
the "pseudo delay" circuit, causing a power-fail sequence to occur, and 
to Q11 via R53 and D24, causing BPOK H to go low (power-fail 
indication). After a 5-10 ms (approx) "pseudo delay," C13's voltage 
rises above the dc off voltage comparator's +2.5 V reference (non- 
inverting) input. The comparator's output goes low, asserting POWER 
OFF L low and turning off the switching regulators. When the DC 
ON/OFF switch is returned to the ON position, PWR OFF H goes low, 
rapidly discharging C13. POWER OFF L then goes high and switching 
regulator operation resumes. Approximately 100 ms later, BPOK H goes 
high and normal processor operation is enabled. DC ON/OFF circuit tim- 
ing is shown in Figure 1 1 . 
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Figure 11 



DC ON/OFF Circuit Timing 
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BEVNT L is the bused EVENT line which is normally used for line-time 
clock interrupts. Q4 is cut off and Q1 is forward-biased during negative 
alternations of the ac line, producing low-active BEVNT L signals. D1 
clips negative alternations and limits Q4's reverse-bias to emitter volt- 
age. The LTC ON/OFF switch must be in the ON position for BEVNT L 
signal generation. When the LTC function is not desired, the LTC switch 
is set to the OFF position; CSPARE2 goes low. Q1 remains cut off, and 
BEVNT L remains passive (high). 

The RUN indicator is illuminated whenever the processor is executing 
programs. SRUN L. a nonbused backplane signal, is a series of pulses 
which occur at 3-5 intervals whenever the processor is in the Run 
mode. The pulses trigger a 200 ms one-shot on each SRUN L pulse 
leading edge, keeping it in the retrigger mode. Its high RUN H output 
signal is then inverted, producing a low signal that turns on the RUN 
indicator. When the processor is in the Halt mode, SRUN L pulses cease 
and the 200 ms one-shot resets after the 200 ms delay. The RUN 
indicator turns off. indicating the Halt mode. 

The HALT/ENABLE switch allows the operator to manually assert the 
BHALT L signal low, causing the processor to execute console ODT 
microcode. When in the ENABLE position, BHALT L is not asserted, and 
the Run mode is enabled. Cross-coupled inverters provide a switch 
debounce function. 

H780-C, -D, -H, -J, -K, -L Installation 

Installation of an H780 power supply consists of inspecting the unit, 
connecting a suitable dc power cord, setting up the +5 and +12 Vdc 
outputs, and connecting the power supply to the system. 

Differences Between 115 Vac and 230 Vac Power Sup- 
plies - The main differences between the 1 1 5 Vac H780 power supplies 
(H780-C, -H. and -K) and the 230 Vac H780 power supplies (H780-D. 
-J. and -L) are the ac input jumper configuration on the power supply 
terminal block (TB1). the fuse rating (115 Vac supplies are equipped 
with a 5 A fast-blow fuse; the 230 Vac supplies have a 2.5 A fast-blow 
fuse), and the power line RFI filter which is used only on the 230 Vac 
supplies. Power supplies factory-wired for 115 Vac operation (H780-C. 
-H. and -K) can be rewired for 230 Vac operation by reconfiguring the 
jumpers on TB1. However, European users of 1 15 Vac supplies should 
not rewire the H780-C. -H or -K for 230 Vac operation as these supplies 
will not meet the EMI requirements of VDE N-12. On the other hand, the 
230 Vac supplies (H780-0, -J, and -L) can be rewired for 1 15 Vac and 
used in European countries as well as the U.S. AC wiring configurations 
for the H780 power supplies. 
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Space Requirements - The H780 power supply occupies a 
space 13.97 cm wide X 8.43 cm high X 37.15 cm long (5-1/2 in wide 
X 3-1/3 in high X 14-5/8 in long). Space should be available to the rear 
of the supply to gain access to the AC ON/OFF toggle switch. H780-H, 
-J, -K and -L options should be installed to allow for unobstructed view- 
ing and use of the power supply console. 

Input Power Requirements - The user's ac power source 
must be capable of providing 340 W (full load) of ac power at 50 ± 1 Hz 
or 60 ± 1 Hz. No ac power cord is supplied with the H780 options; it is 
the user's responsibility to provide the proper line cord and ac plug for 
his particular application. 

Cable Requirements - Three interface cables are supplied 
with the H780 options to connect the H780 console to the power supply 
and to connect the H780 to the system backplane. 

Cable Digital Part No. 

DC output cable (connects dc to 70- 1 1 584-0-0 

backplane) 

Power supply status cable (logic cable) 70-1 141 1-0K-0 

(connects logic signals to backplane) 

Power supply console cable (connects console 70-086 1 2-OM-O 
to H780) 

Refer to the BA1 1-N description for multiple backplane interconnection 
information. 

In addition, if the user is controlling an H780 slave power supply (H780- 
K or -L) from an H780 master (H780-H or -J), the interface cable be- 
tween the master and slave is the user's responsibility. This cable can be 
constructed from 12-conductor ribbon cable and two 16-pin. IC-type 
male connectors (3M part number 3416). The master/slave cable can be 
ordered from the nearest Digital Equipment Corporation Sales Office 
Cable lengths and part numbers are listed in Table 1- 

Installation Procedure - After unpacking the H780 from the 
shipping container, inspect the unit and report any damage to the near- 
est Digital Equipment Corporation Sales Office. Inspect for the follow- 
ing: 

1 . Damage to the chassis or printed circuit boards 
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Table 1 Master/Slave Interface Cables 





nmiTAi 

L/IUI 1 ML 


Lnnath 

L«l Infill 


Dart Mn 


1 O 0 r>m (A in) 
1 \J. UiTI V*r III/ 


70 DRR1 9 nn 
/U-UOD 1 Z-VJLf 


15 cm (6 in) 


70-0861 2-OF 


22.9 cm (9 in) 


70-086 12-OK 


27.5cm(1 1 in) 


70-086 12-OM 


35.6cm(14in) 


70-08612-1 B 


45.7 cm (18 in) 


70-0861 2-1 F 


1 24 cm (49 in) 


70-086 12-4A 


61.0 cm (2 ft) 


70-08612-02 


1.83 m (6 ft) 


70-086 12-6A 


3.05m (10ft) 


70-08612-10 



2. Loose or broken components 

3. Damage to the console on the H780-H, -J. -K. or -L 

4. Free rotation of the blades on the cooling fans 

5. Proper amperage fuse (2.5 A fast-blow for H780-D, -J. and -L; 5 A 
fast-blow for H780-C. -H. and -K) 

6. Proper seating of the fuse 

7. Proper seating of the console cable connectors (H780-H. -J, -K. and 
-L) 

8. The presence of the shield covering the terminal block at the rear of 
the H780. 

Connecting AC Line Cord - The H780 power supplies are equipped 
with a terminal block (Figure 12 ) at the rear. Jumpers on this terminal 
block configure the supply for 115 Vac or 230 Vac operation 
while two of the terminal block screws provide a means of 
connecting ac input power to the H780. A suitable length of No. 16 
AWG, 3-conductor. stranded power cord is to be connected to the termi- 
nal block as shown in Figure 12 (for H780-C. -H, and -K supplies), or 
Figure 14 (for H780-D, -J, and -L supplies). The jumpers shown in 
Figures 13 and 14 are factory-installed. However, the jumper con- 
figuration can be altered by the user to change the ac input from 115V 
to 230 V for the H780-C, -H, and -K, or from 230 V to 1 15 V for the 
H780-D, -J, and -L European users are advised not to operate an H780- 
C, -H, or -K power supply on a 230 Vac line as these supplies are not 
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AC POWER CORD CABLE CLAMP 




AC TERMINAL CHASSIS GROUND AC LINE 

BLOCK SCREW FUSE IF1) 



Figure 12 AC Terminal Block at Rear of H780 




CP 2107 



Figure 13 H780-C. -H. and -K (115 Vac) 
AC Terminal Block Wiring Configuration 
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BROWN -> 
BLUE I 



GRE EN/ YELLOW f 



_L CHASSIS 
~ GROUND 



-TERMINAL BLOCK 
(TBI) 



Figure 14 H780-D. -J, and -L (230 Vac) AC Terminal 
Block Wiring Configuration 



equipped with a RFI line filter. When installing the ac line cord, remove 
the plastic shield covering the terminal block (Figure 12 ). Terminals 
should be crimped or soldered to the power cord wires. Connect the ac 
phase wires to the terminal block (Figures 13 and 14 ) and connect 
the ac ground wire to the H780 chassis using the Phillips head screw to 
the right of the terminal block (Figure 12 ). This screw also provides a 
ground for the RFI filter in the H780-D. -J. and -L supplies by means of a 
green/yellow wire. Make sure this wire is reconnected to ground when 
replacing the screw. Be sure to replace the plastic shield over the termi- 
nal block after completing the wiring. Route the power cord to the top of 
the H780 chassis and secure it to the chassis with a suitable strain relief, 
as shown in Figure 12 . The upper right screw at the rear of the H780 
chassis can be used to anchor a cable clamp. The free end of the power 
cord should be terminated with a connector which is suitable for the 
user's requirements. 



H780-C and H780-D Stand-Alone Operation - If an H780-C or -D 
power supply is to be used as a stand-alone supply, a 510 Q. 1/4 W 
resistor must be installed between J2-2 and J2-9 on the power supply 
printed circuit board (Figure 15 ). The 510 ft resistor provides a pull-up 
level to an internal power supply gate, thus enabling the +5 V and + 1 2 
V outputs. This resistor is not required for the H780-K or -L slave sup- 
plies, nor is the resistor required for the H780-H and -J supplies. The 
resistor can be installed by bending its leads and inserting them into 
socket J2. or by soldering the resistor across pins 2 and 9 of a 16-pin 
DIP. IC-type male connector. Pinning for the J2 enable plug is shown in 
Figure 16 
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Figure 16 H780-C and -D Enable Plug 



Initial Power Turn-On - Before connecting the dc output of the H780 
to a system, verify the dc output voltages by performing the following 
procedure. 

1 . If the H780 is a slave supply (or an H780-C. -D), either connect cable 
J2 REMOTE of the slave H780 (or J2 on the power supply PC board 
of H780-C. -D) to the J2 REMOTE connector on the H780 master 
supply or install a 510 Q 1/4 W resistor into the slave. 
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2. Connect the H780 to a suitable ac power source. 

3. Set the H780 AC ON/OFF switch (Figure 12 ) to ON. The fans in 
the H780 should operate. 

4. On H780-H and -J options, set the console DC ON/OFF switch (Fig- 
ure 25 ) to ON. The DC ON indicator should light. (For master-slave 
operation, the DC ON/OFF switch and DC ON indicator are located 
on the user's master supply. The DC ON indicator on the slave should 
also light.) 

5. Using a DVM. measure the +5 and + 12 Vdc outputs at J4 (Figures 
20 and 21 ) on the H780 PC board (side 2). The +5 V output 

should not be greater than + 5. 1 5 V and the + 1 2 V output should not 
exceed +12.36 V. 



6. Set the master console DC ON/OFF switch to the OFF position. 

7. Set the AC ON/OFF switch to the OFF position. 

8. Unplug the ac power cord and connect the H780 system. 

Mounting an H780 to an H9270 Backplane - The H780 power supply 
is designed to be mounted to the LSI- 1 1 H9270 backplane. Four holes 
on the left side of the H780 are equipped with No. 8-32 threaded bosses 
(Figure 17 ). These holes mate with four holes in the right side of the 
H9270 backplane frame. Four No. 8-32 X 1/2 inch screws are inserted 
through the H9270 backplane holes and are threaded into the H780 
power supply. The H9270 backplane and the H780 power supply thus 
become one assembly (Figure 18 ). Figure 17 shows the location of 
the four mounting holes in the H780. The two screws securing the front- 
chassis partition must be removed. These screws are to be replaced with 
longer screws (1/2 in) when attaching the H780 to the H9270. 

Connecting an H780 to an H9270 Backplane - The H780 power 
supply is connected to the H9270 by means of two cables. These cables 
are supplied with the H780. One of these cables is a 25.4 cm (10 in) 
logic signal cable (DIGITAL part number 70-1 141 1-0K-0), which con- 
nects from J1 on the power supply board (Figure 15 ) to connector 
pins on the H9270 printed circuit board (Figure 19 ). Either end of this 
cable can be connected to the power supply or the backplane. The other 
cable is a 30.5 cm (12 in) dc output cable (part number 70-1 1 584-0-0). 
This cable is terminated at one end with a keyed, 12-pin connector 
which mates with J4 on side 2 of the H780 power supply board. Figure 
20 shows the location of J4; Figure 21 shows J4 pinning. The 
remaining end of the dc output cable is terminated with a 6-lug con- 
nector strip which is connected to the H9270 backplane terminal block. 
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Figure 17 Left Side of H780 Showing H9270 Mounting Holes 
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CONNECTOR " 
KEY WAYS (6) 



NOTE 

VIEWED FROM BOTTOM OF 
POWER SUPPLY P C. BOARD 



PIN NO. 
12 — 



11 
10 

9 
8 

7 
6 



+ I2V RETURN 
+I2V OUTPUT 



+5V RETURN 



+5V OUTPUT 



Figure 21 Pinning for H780 DC Output Connector (J4) 



as shown in Figure 19. When connecting the 6-lug connector strip to 
the H9270 backplane, make sure that the spade tug connectors ire 
facing up. Figure 22 shows the dc output cable connected to J4 of the 
H780. The H780 logic signal and dc output cables are routed toward the 
rear of the power supply and exit from the supply chassis next to the 
H9270 backplane terminal block. 

H780-H. -J, -K, and -L power supplies have a console that is attached to 
the H780 and connected to the supply by means of a console 
signal/power cable (part number 70-0861 2-OM-O). This cable is fac- 
tory-installed from J2 on the power supply board (Figure 15 ) to J1 on 
the console PC board (Figures 1'9 and 23). 

H780 Master-Slave Connection - An H780-H or -J power supply can 
be used as a master supply to control an H780-K or -L slave supply. This 
master-slave arrangement allows the user to power up/power down sys- 
tem expander backplane logic from the master supply console. The slave 
supply is connected to the master supply by means of the J2 (REMOTE) 
connector on the master supply console printed circuit board, and J2 
(REMOTE) or J3 on the slave power supply console printed circuit board. 
The interconnecting cable is the user's responsibility. Two 16-pin. IC- 
type male connectors and a suitable length of 16-conductor cable (pref- 
erably ribbon type) can be used to construct the interconnecting cable. 
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Figure 23 shows the console printed circuit boards and the locations 
of the J1 (SUPPLY), J2 (REMOTE), and J3 connectors. J1 is always 
connected to J2 of the power supply printed circuit board (Figure 19 ) 
by the console signal/power cable (part number 70-0861 2-0M-0) which 
is factory-installed. Pinning for J2 (REMOTE) on the console printed cir- 
cuit board is shown in Figure 24. Pinning for J2 on the power supply 
printed circuit board is indicated in Figure 19 



Connector J3 (Figure 23 ) provides the means of interconnecting boxes 
in a multiple backplane system. This connector parallels connector J2. so 
a user can connect J2 on the slave BA11-M to J2 on the master 
PDP11/03 using the cable supplied with the first BA11-M expansion 
box, and can connect J 3 on the first slave BA1 1 -M to J2 on the second 
slave BA1 1-M using the cable supplied with the second BA11-M. 

The slave console boards in the early model power supplies did not 
contain connector J3. Therefore, a single cable containing three DIP 
plugs (BC03Y-16) should be purchased to interconnect boxes in a mul- 
tiple backplane system. Each DIP plug is inserted into connector J2 on 
each box. 




81164 



Figure 22 H780 DC Output Connector (J4) 
with Mating DC Output Cable (70-1 1584-0-0) 
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J1 (SUPPLY) CONNECTED TO J2 ON 
POWER SUPPLY P.C. BOARD OF MASTER 




J2 (REMOTE) CONNECTED TO JZ (REMOTE) 
ON SLAVE SUPPLY INDICATOR P.C. BOARD 



a. H780-H and -J (Master) 




9217- 1BW- A016S 



b. H780-K and -L (Slave) 
Figure 23 H780 Master-Slave Connections 
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16 15 14 13 12 11 10 9 



D 



1 2 3 4 5 6 7 8 
J2 (REMOTE) 



PIN 


SIGNAL 


PIN 


SIGNAL 


1 


NO CONNECTION 


9 


NO CONNECTION 


2 


DC ON H 


10 


SPARE 3 


3 


NO CONNECTION 


11 


SPARE 4 


4 


SPARE 2 


12 


SPARE 6 


5 


GROUND 


13 


GROUND 


6 


CL3 L 


14 


OCOKH 


7 


CSS L 


16 


SPARE 6 


8 


SPARE 1 


16 


NO CONNECTION 



Figure 24 Pinning for J2 (REMOTE) on 
Console Printed Circuit Board 



Console Controls and Indicators - The H780-H or -J master 
console has three LED indicators and three 2-position toggle switches. 
One of the LED indicators is a spare indicator. Circuitry to drive this 
indicator is included on the console printed circuit board for user appli- 
cation. The console on the H780-K and -L slave supplies has only one 
LED indicator. DC ON. Figure 25 shows the H780 console controls 
and indicators; they are described in Table 2 . Additionally, the rear 
panel of the H780 contains an AC ON/OFF toggle switch and an ac line 
fuse (Figure 12 ). 

+ 12 V and +5 V Adjustment Procedure - The H780 power 
supply is factory-adjusted to produce +12 V and +5 V outputs within 
the operating tolerance of the system. The adjustment procedures pre- 
sented allow the user to trim the dc outputs of the H780 to meet his 
particular needs. One adjustment is provided for the +12 V output, 
while two adjustments (one for the output voltage and one for the 
switching regulator frequency) are provided for the +5 V. Figure 26 
shows the location of the adjustments. A DVM. an oscilloscope, and a 
small screwdriver are required. Power supply loading is provided by the 
LSI- 1 1 bus or processor. 
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Table 2 H780 Controls and Indicators 



Control/ 

Indicator Type 



DC ON LED indicator 



RUN LED indicator 



SPARE LED indicator 



DC ON/OFF Two-position 
toggle switch 



Function 



Illuminates when the DC 
ON/OFF toggle switch is set to 
ON and proper dc output volt- 
ages are being produced by the 
H780. 

If either the + 5 or + 1 2 V output 
from the H780 is faulty, the DC 
ON indicator will not illuminate. 
This is the only indicator on the 
H780-K and -L slave supplies. 

Illuminates when the processor 
is in the run state (see EN- 
ABLE/HALT). 

Not used by the H 780 or proces- 
sor. The H780 contains circuitry 
for driving this indicator for user 
applications. 

When set to ON. enables the dc 
outputs of the H780. The DC ON 
indicator will illuminate if the 
H780 dc output voltages are of 
proper values. If a slave supply is 
connected to a master, the slave 
DC ON indicator will light if the 
slave dc output voltages are of 
proper value. 

When set to OFF. the dc outputs 
from the H780 are disabled and 
the DC ON indicator is ex- 
tinguished. If a slave supply is 
connected to a master, the slave 
DC ON indicator will also ex- 
tinguish. 
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Table 2 H780 Controls and Indicators (Cont) 



Control/ 

Indicator Type 



ENABLE/HALT Two-position 
toggle switch 



LTC ON/OFF Two-position 
toggle switch 



AC ON/OFF Two-position 
(rear panel) toggle switch 



FUSE (rear panel) 5 A or 2.5 A 
fast-blow 



Function 

When set to ENABLE, the B 
HALT L line from the H780 to 
the processor is not asserted and 
the processor is in the Run mode 
(RUN indicator illuminated). 

When set to HALT, the B HALT L 
line is asserted, allowing the pro- 
cessor to execute console ODT 
microcode (RUN indicator ex- 
tinguished). 

When set to ON, enables the 
generation of the line-time clock 
(LTC) BEVNT L signal by the 
H780. 

When set to OFF. disables the 
H780 line time clock. 

When set to ON. applies ac 
power to the H780. 

When set to OFF. removes ac 
power from the H780. 

Protects H780 from excessive 
current. H780-C. -H, and -K use 
a 5 A fuse, H780-D. -J, and -L 
use a 2.5 A fuse. 
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Figure 26 Locations of H780 Adjustments 
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+ 12 V Adjustment - Perform the following procedure when adjusting 
the + 12 Vdc output. 

1. Apply power to the system and allow a 5-minute warmup period. 

2. Using a DVM. measure the +12 V output at the system backplane 
terminal block (Figure 19). 

3. Using a small screwdriver, adjust R87 (Figure 26 } until the DVM 
indicates + 1 2.0 V (+ 1 1 .64 V to + 1 2.36 V acceptable range). Turn- 
ing R87 clockwise decreases the +12 V output, while turning 
counterclockwise increases the output. 

NOTE 

If R87 is turned too far counterclockwise, the 
+ 1 2 V output will crowbar and drop to approx- 
imately 0 V. This will occur between +13.0 V 
and +16.5 V. Do not allow the supply to crow- 
bar as this may blow the internal fuse (F1 ) pro- 
tecting the +12 V regulator. 

4. Using an oscilloscope, measure the ripple on the + 12 V output at the 
backplane terminal block. The ripple should not be greater than 350 
mV peak-to-peak. 

5. Using an oscilloscope, measure the amplitude and frequency of the 
ripple on the +12 V output at the backplane terminal block. The 
ripple should not be greater than 350 mV peak-to-peak with a period 
from 65-140 us. If the ripple period is not within 80-140 us. adjust 
R37 to +12 V. 

+ 5 V Adjustment - Perform the following procedure when adjusting 
the +5 Vdc output. 

1 . Apply power to the system and allow a 5-minute warmup period. 

2. Using a DVM. measure the + 5 V output at the system backplane 
terminal block (Figure 4-50). 

3. Using a small screwdriver, adjust R88 (Figure 26 ) until the DVM 
indicates +5.0 V (+4.85 V to +5.15 V acceptable range). Turning 
R88 clockwise decreases the +5 V output, while turning counter- 
clockwise increases the output. 

NOTE 

If R88 is turned too far counterclockwise, the 
+ 5 V output will crowbar and drop to approx- 
imately 0 V. This will occur between +5.6 V and 
+ 6.8 V. Do not allow the supply to crowbar as 
this may blow the internal fuse (F2) protecting 
the +5 V regulator. 
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4. Using an oscilloscope, measure the amplitude and frequency of the 
ripple on the +5 V output at the backplane terminal block. The ripple 
should not be greater than 1 50 mV peak-to-peak with a period from 
80-140 us. If the ripple period is not within 80-140 /jls, adjust R96 
(Figure 26 )■ Turning R96 clockwise decreases the ripple period, 
while turning counterclockwise increases the period. After adjusting 
the ripple period, recheck the +5 V output (steps 2 and 3). 
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H909-C GENERAL PURPOSE LOGIC ENCLOSURE 
GENERAL 

The H909-C is one of the three basic enclosures available: the H909-C 
enclosure, the BA11-M expansion box and the BA1 1-N mounting box. 

SPECIFICATIONS 

Width 48.25 cm (19 in.) 

Height 13.33 cm (5.25 in.) 

Depth 62.86 cm (24.75 in.) 

70.48 cm (27.50 in.) including 

bezel 

Weight 27.21 kg (60 lb.) 

Mounting Space for Power 12.7 cm X 15.8 cm X. 50.8 cm 

Supplies (5 in. x 6.25 in. X 20 in.) 
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DESCRIPTION 

The H909-C is a general purpose logic box designed to accommodate 
the DDV1 1-B backplane or any one of several different standard logic 
subsystems (Figure 1). In addition, with the use of compatible logic 
frames and connector blocks, it can house custom-configured subas- 
semblies. The box features a distinctive front panel that can be drilled 
for lights and switches as desired by the user. A fan is provided for 
cooling capability and ample room is reserved for power supply instal- 
lation. 

CONFIGURATION 

A detailed description of each, including application and configuration 
information, is presented in the following table. The various options 
available are listed below. 



Voltage 

Options (V) Bezel* Includes 


Mounting 


H909-C — 


No 


Fan and H0341 
card guide 




PDP-11 /03-XA 115 
PDP-11 /03-XB 230 


Yes 
Yes 


X=E: KD11-F 
X=K: KD11-FS 


BA11-MC or 
BA11-MD 
BA11-MC or 
BA11-MD 


PDP-11 /03-LC 115 
PDP-11 /03-LD 230 


Yes 
Yes 


KD11-R.and BDV11-A 
KD11-Rand BDV11-A 


BA11-NCor 
BA11-ND 
BA11-NCor 
BA11-ND 


BA11-ME 115 
BA11-MF 230 
BA11-NE 115 
BA11-NF 230 


No 
No 
No 
No 


Cable to daisy chain 
Power supply 




* Including switches 
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H984 SERIES CABINETS 
GENERAL 

H984 series is one of two types of low-profile cabinets available: the 
H984 series and the H9800-A. The H984-BA (115 Vac) and the H984- 
BB (230 Vac) are low-profile cabinets equipped with a walnut-grained, 
plastic laminate top surface and four ball-type casters mounted on a 
supporting frame for ease of positioning on solid or carpeted surfaces. 
The cabinets are a light gray steel enclosure trimmed in flat black to 
make them compatible with the decor of the modern office or labora- 
tory. 




SPECIFICATIONS 

Dimensions 
Width 
Depth 
Height 

Module enclosure 

Mounting space 
Usable height 
Usable depth 

Color 



Figure 1 H984 Series Cabinet 

59.7 cm (23.50 in) 
71.3 cm (28.06 in) 

54.6 cm (21.50 in) 

Standard 48.3 cm (19 in) EIA 

59.7 cm (23.50 in) 
61.7 cm (24.28 in) 
44.6 cm (17.56 in) 

Walnut-grained top surface, light gray side 
panels, chrome and flat black trim 



422 



H984 



Description 
Weight 

Low-Profile Cabinet (1 15 Vac) 
Low-Profile Cabinet (230 Vac) 



H984-BA 
H984-BB 



Part No. 



31.8 kg (70 lb) 
31.8 kg (70 lb) 



Shipping 



Optional Hardware 

Blower Fan (115 Vac) 

Blower Fan (230 Vac) 

Blank Connector Panel (back) 

Louvered Cover Panel (front) 

Blank Metal Cover (front) 

Connector Panel Frame (back) 

Connector Panel Assembly (back) 



70-12438-0 3.6 kg (8 lb) 

70-12438-1 3.6 kg (8 lb) 

74-17440 2.3 kg (5 lb) 

12-11474-0 0.45 kg (11b) 

H950-NC 1.8 kg (4 lb) 
74-16743 



70-12871 



DESCRIPTION 

Each H984 provides mounting space for standard 48.3 cm (19 in.) 
panels or racks at both the front and rear of the unit. Two vertical 
angles at the front and rear opening of the enclosure contain pre- 
drilled holes at EIA spacing. The angles can be laterally positioned 
within the cabinet to adjust for mounting units with varying depths. 
Both sides of the steel enclosure contain ventilation ports to allow 
cooling of the internal components. 

A service leg with caster is located beneath the center of the unit and 
can be easily extended and retracted. The service leg provides stabili- 
ty to the cabinet when slide-mounted chassis are withdrawn from the 
front of the cabinet. When not in use, the leg retracts into the channel. 

A 115 Vac power distribution panel is supplied with the cabinet and is 
mounted at the top of the rear opening of the cabinet. The panel can 
be easily repostioned to accomodate internal chassis when required. 

Optional Equipment 

Fan Panel Assembly — A fan panel assembly with two enclosed 
rotary fans is available as an option and provides additional cooling for 
the electrical components in the cabinet. The assembly is prewired 
with a cord and male connector which can be inserted into one of the 
outlets on the power control panel (part of the H984 cabinet). The fan 
assembly is available for 115 Vac or 230 Vac. The panel is supplied 
with hardware for mounting. 

Black Plastic Front Cover — A flat black, plastic louvered cover pan- 
el, 4.45 cm (1.75 in) high, can be used to complete the covering at the 
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front of the H984. The panel slots allow increased air flow through the 
cabinet. 

Blank Connector Panel — The blank connector panel is designed to 
completely enclose the rear opening of the H984 when the blower fan 
assembly option is included. This provides a surface for mounting 
interface cable connectors or cable openings. The panel is supplied 
with hardware for mounting. 

Blank Metal Panel — A light gray blank metal cover panel, 8.9 cm (3.5 
in) high, can be ordered to complete the covering at the front of the 
cabinet. The color is the same as the PDP-1 1/03 front panel and H984 
cabinet. 

Connector Panel Assembly — A hinged connector, preformed for 
mounting up to eight cable connectors, encloses the remainder of the 
H984 rear opening when the fan assembly is included. 
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H9270 BACKPLANE 
GENERAL 

The H9270 consists of an 8-slot backplane with a card guide assem- 
bly. This backplane is designed to accept up to eight double-height 
modules (including processor), four quad modules, or a combination 
of quad and double-height modules. When used for bus expansion in 
multiple backplane systems, the H9270 provides space for up to six 
option modules, plus the required expansion cable connector mod- 
ule^) and/or terminator module. 

DESCRIPTION 
Mounting the Backplane 

Mounting dimensions and possible methods of mounting the H9270 
backplane (in any of three planes) are shown in Figure 1 . Option posi- 
tions are shown in Figure 2. Slot numbers indicate device interrupt 
and DMA priority in LSI-11 bus systems. The lowest numbered posi- 
tions receive the highest priority. 



DC Power Connections 

Voltage and Current Requirements — A power supply for a single 
H9270 backplane LSI-1 1 system should have the following capacity: 

+5V ±5% load; 0-18 A static/dynamic 

+12V ±3% load; 1-2.5 A static/dynamic 

+5 ripple; less than 1% of nominal voltage 

+12 ripple; less than 150 mV p-p (frequency 5 kHz) 

NOTE 

Regulation at the H9270 backplane must be 
maintained to the specifications listed above 

The H780 power supply option provides sufficient dc power and gen- 
erates the required bus signals. Installation details are included in the 
H780 power supply description. 
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REAR MOUNTING 



N 



27.6cm (10.87 In) 
28.3 cm (11.19 In) 




VIEW FROM REAR OF BACKPLANE 



TOP AND BOTTOM MOUNTING 



CONNECTOR _Jj I 
BLOCK m: 

0.79cm J L 7. 
(0.31 In) 1 r (2t 



1 



m 1. 9cm 
(0.74ln) 



SIDE MOUNTING 



Figure 1 Backplane Mounting 



VIEW FROM MODULE SIDE OF BACKPLANE 



PROCESSOR 
(HIGHEST PRIORITY LOCATION) 


PROCESSOR OR OPTION 1 


OPTION 3 


OPTION 2 


OPTION 4 


OPTION 5 


OPTION 7 
(LOWEST PRIORITY LOCATION) 


OPTION 6 



- PREFERRED LOCATION FOR MMV1 1-A CORE MEMORY 



Figure 2 H9270 Option Positions 



426 



H9270 



A power supply for a DDV1 1-B, or a multiple-backplane system using 
H9270 backplanes, should have the same voltage regulation and rip- 
ple specification as listed for the single H9270 backplane. However, it 
will be necessary to calculate the actual power requirements, based 
on individual power requirements for modules used in the system. 

Backplane Power Connections — If the H780 power supply option is 
not used, perform the following steps to connect power to the H9270 
backplane (Figure 3). 

1. Select wire size. (14 gauge is recommended.) Consider load cur- 
rent and distance between the power supply and backplane. 

2. For a standard system, connect the applicable wires to the H9270 
connector block per Table 1 . 

For battery backup, remove the jumper between +5V and +5B 
and connect the applicable wires to the H9270 connector block. 

3. Connect the ground terminals at the power source. 

4. It is recommended that the backplane frame/casting be electri- 
cally connected to the system/power supply ground. 

The signal connections to the H9270 backplane are shown in Figure 4. 



Table 1 H9270 Backplane Standard Power Connections 



Power Source H9270 Connector Block 

(From) (To) 



+ 12V 


+ 12V 




+5V 


+5V 


Factory 




+5B 


Connected 


GND 


GND 


Factory 


GND 


GND 


Connected 


-12V 


-12V 


This voltage is not required. 
The connection is available 
for custom interfaces. 
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Ho 



L-l 
I •! 



TYPICAL MODULE MODULE SIDE IDENTIFIER 
ROW IDENTIFIER LOCATION I » COMPONENT SIDE 

v (SLOTS A I -Bl) 2 f SOLDER SIDE 



WIRE-WRAP PINS 
PASS THROUGH 
H9270 PC BOARD 



+ 5V 
+ 5VB 
6ND 
CND 
-12V 



Figure 3 H9270 Backplane Terminal Block (Pin Side View Shown) 



RIBBON CABLE 



' j^oS|§T— -BDCOK 

BEVNT /^^y-BHALT 

/ \ GND 
BPOK I 



Figure 4 H9270 Backplane Signal Connections (Pin Side View 

Shown) 
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CONFIGURATION 

Backplane and Module Configuration 

LSI-11 bus systems can be classified as either single-backplane or 
multiple-backplane systems. The electrical characteristics of each 
system are different; hence, two sets of rules have been devised and 
must be observed. These rules have their basis in bus loading and 
power consumption. 

Single Backplane Configuration Rules 

1 . The LSI-1 1 bus can support up to 20 ac loads, if unterminated at 
the end. 

2. The terminated bus can support up to 35 ac loads. 

3. The bus can support up to 20 dc loads. 

4. The amount of current drawn from each power supply should be 
70 percent or less of the maximum rated output of the supply. 

Multiple Backplane Configuration Rules 

1 . No more than three backplanes can be connected together. 

2. Each backplane can have no more than 20 ac loads. 

3. The total number of dc loads cannot be more than 20. 

4. Both ends of the termination line must be terminated with 120 
ohms, i.e., the first backplane must have an impedance of 120 
ohms, and the last backplane must have a termination of 120 
ohms. 

5. The cable connecting the first two backplanes (i.e., the main box 
and expander box 1) must be at least 60.96 cm (2 ft.) long. (A 
182.88 cm (6 ft.) cable is recommended for ease of installation.) 

6. The cable connecting the backplane of expander box 1 to the 
backplane of expander box 2 must be at least 121.92 cm (4 ft.) 
longer or shorter than the cable connecting the main box and 
expander box 1 (a 304.80 cm (10 ft.) cable is recommended for 
ease of installation). 

7. The combined length of both cables in a 3-backplane system 
cannot exceed 487.68 cm (16 ft.). 

8. The interbackplane cables must have a characteristic impedance 
of 120 ohms. 

9. The amount of current drawn from each power supply should be 
70 percent or less of the maximum output of the supply. 
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To configure an LSI-1 1 bus system, take the following steps: 

1. Choose the type of memory (MOS, PROM or combination) re- 
quired for the specific application. 

2. Select the CPU and memory combination most suited for the ap- 
plication. 

3. Select additional memory, interface, and peripheral options. 

4. Count the total number of module positions. 

5. Count the total number of bus positions. 

6. Choose a backplane configuration that satisfies both the module 
position requirement, the bus position requirement, and also pro- 
vides sufficient expansion space. 

7. Enter the option names in the backplane positions of the selected 
configuration. 
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H9273-A BACKPLANE 
GENERAL 

The H9273-A backplane logic assembly consists of a 9 X 4 backplane 
(nine rows of four slots) and a card frame assembly. 

DESCRIPTION 

The H9273-A backplane logic assembly is shown in Figure 1. Power 
and signals are supplied to the backplane to conncectors J7 and J8. 
These connectors are shown in Figures 1, 2 and 3. Connectors J9 
(GND) and J10(-12V) are also shown in Figure 2. 




H9273 BACKPLANE 



Figure 1 H9273-A Backplane Logic Assembly 



1 + 12VDCIB) 

2 +12VDC 

3 GND +12VDC 

4 GND +5VDC 

5 +5VDC 

6 +5VDCIB) 

7 GND +5VDC 

8 +5VDC 



MD— 



SEE 
FIG. 



Figure 2 H9273-A Power Connections 
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AB 1 - 
BR1B- 

AF1- 
IROW 11 



AP1 - 
BA1 - 



-BPOK H ■ 

LTC- 



-GND ■ 
-GND 



-BHALT L ■ 
-BDCOK H 



Figure 3 H9273-A Signal Connections 



The H9273-A backplane is designed to accept both double-height and 
quad-height modules with the exception of the MMV11-A core memo- 
ry module. The backplane structure is unique in that it provides two 
distinct buses: the LSI-11 bus signals (slots A and B) and the CD bus 
(slots C and D). The connectors that make up this backplane are 
arranged in nine rows (Figure 4). Each connector has two slots, each 
of which contains 36 pins, 1 8 on either side of the slot. 

The connectors designated "Connector 1" in Figure 4 are wired ac- 
cording to the LSI-1 1 bus specifications. Slots A and B carry the LSI- 
11 bus signals and are termed the LSI-11 bus slots. The connectors 
designated "Connector 2" are wired for +5 V and ground, and have no 
connections to the LSI-1 1 bus; instead, C- and D-slot pins on side 2 of 
each row are connected to the C- and D-slot pins on side 1 in the next 
lower row. Details of the CD interconnection scheme are depicted in 
Figure 5. 

CONFIGURATION 

The H9273-A backplane logic assembly is designed to mount into a 
BA11-N mounting box or equivalent. Refer to the BA11-N mounting 
box description for more information. 

NOTE 

Connector block pins do not extend beyond the 
H9273-A printed circuit etch card, thus eliminating 
the possibility of backplane wire-wrapping. 
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Three jumpers (W1, W2, and W3) are shown in Figure 4. Jumper W1 
enables the line-time clock when inserted and disables it when re- 
moved. 

NOTE 

Only one BA11-N mounting box in any system may 
have the line-time clock enabled. 

When inserted, jumpers W2 and W3 allow the LSI-11 quad-height 
CPU to run in row 1. Jumpers W2 and W3 are removed when the 
backplane is used as an expansion backplane in a system. 



CONNECTOR 1 CONNECTOR 2 
t "~ <| f ^ \ 





SLOT A 


SLOT B 


SLOTC 


SLOTD 




° r ^" wi ^° 


W2 ^ 




ROW 1 










ROW 2 










ROW 3 










ROW 4 










ROW 6 










ROWS 










ROW 7 










ROW 8 










ROW 9 











VIEW IS FROM MODULE SIDE OF CONNECTORS. 

MA-0740 



Figure 4 H9273-A Backplane Connectors 
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FEATURES 

• ALL PINS A1 CONNECT TO PINS C1 IN 
THE NEXT LOWEST SLOT. 

• ALL PINS A2 CONNECT TO +5 VOLTS. 

• ALL PINS T2 OF SLOT C ARE CON 
NECTED TO PIN T2 OF SLOT D IN THE 



VIEW FROM PIN SIDE 

• ALL PINS C2 AND PINS T1 ARE GROUND 

• JUMPER W2 IS CONNECTED ACROSS 
PINS Kl AND L1 IN SLOT C ONLY. 

• JUMPER W3 IS CONNECTED ACROSS 
PINS K1 AND LI IN SLOT D ONLY. 



NEXT LOWER SLOT 



Figure 5 C-D Bus Interconnection Scheme 
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H9281 BACKPLANE 
GENERAL 

The H9281 backplane Is designed to accept double-height modules 
only. Six options of the H9281 backplane let the user configure com- 
pact LSI-11 bus systems that most efficiently use available system 
space. 

DESCRIPTION 

The H9281 2-slot backplane is available in the following six options: 

Backplane 
Option 
Designation 

H9281-AA 
H9281-AB 
H9281-AC 
H9281-BA 
H9281-BB 
H9281-BC 



The following 

installed in an 

Backplane 

Option 

Designation 

AAV 11 -A 

ADV11-A 

DRV11-B 

DUV11-A 

DZV11-A 

KWV11-A 

MMV11-A 

MSV11-CD 

RLV11 

BDV11 



Description 

4-module backplane 
8-module backplane 
12-module backplane 

4-module backplane and card cage assembly 
8-module backplane and card cage assembly 
12-module backplane and card cage assembly 

list presents quad-height options that are too large to be 
H9281 backplane. 



Module 
Number 

A6001 

A0121 

M7950 

M7951 

M7957 

M7952 

H223, G653 

M7955-YD 

M8013 

M8014 

M8012 



Description 

4-channel 12-bit D/A converter 
16-channel 12-bit A/D converter 
DMA interface 
Line interface 
Asynchronous multiplexer 
Programmable line-time clock 
Core memory 
16K MOS memory 
RL01 controller 

Bootstrap, terminator 



CONFIGURATION 

Mounting dimensions for H9281 backplanes are shown in Figures 1 
and 2. The H9281 backplanes can be mounted in any plane. The 
enclosure in which the backplane is mounted, available system space, 
and cooling air flow will determine an acceptable backplane position 
in a particular system. 
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4.8S cm 
"I1.8S in)" 



1.27 cm 
(0.5 in) ~~ 
-4.45 em - 
(1.75 in) 



MOUNTING 
\ HOLES (61 
0.36 cm 
(0.14 in I 



Figure 1 H9281-AA,-ABrAC Mounting Dimensions 



436 



H9281 




H9281 



Connecting System Power 

Seven screw terminals are provided on the slot 1 end of the backplane 
for power connections. Connect system power (and optional battery 
backup power) as shown in Figure 3. Power wiring should be done 
with a wire gauge appropriate for the total power requirements for 
options installed in the backplane. The recommended wire size for 
H9281-AC and -BC backplanes is 12 gauge. 14 gauge is sufficient for 
the other H9281 models. 




MR0461 



Figure 3 H9281 Power Connections 

Select a power supply that will meet LSI-11 system power specifica- 
tions and supply sufficient current for the options in the system. The 
H780 power supply is recommended. 

Connecting Externally Generated Bus Signals 

Externally generated bus signals can be connected to the H9281 back- 
panel via connector J2. These signals include power sequence signals 
BPOK H, BDCOK H, BHALT L and BEVNT L. In addition, the proces- 
sor-generated SRUN L signal is available via J2 for driving a RUN 
indicator circuit. J2 connector pins are fully compatible with the H780 
model series power supply or the KPV1 1-A power-fail/line-time clock. 
Signal connector J2 pinning and signal names are identified in Figure 
4. 
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NOT 
USED 



f CS3L- 
^CL3L ■ 



KEY (NO PIN) - 
BEVNT L- 



o o- 
o o- 
o o 
-c o- 
o o 



- BHALT L 

- (NOT CONNECTED) 

■GND 

•SHUN L 

-BPOKH 



Figure 4 H9281 Signal Connections (J2) 
Device Priority 

All LSI-1 1 bus backplanes are priority structured. Daisy-chained grant 
signals for DMA and interrupt requests propagate away from the 
processor from the first (highest priority device) to successively lower 
priority devices. Processor module locations and device (option) 
priorities are shown in Figure 5. 

Bus Terminations 

Backplane models H9281-AB, -BB, -AC, and -BC include 120 Q bus 
termination resistors at the electrical end of the bus; therefore, it is not 
necessary to install a separate 120 fl bus terminator module in these 
backplanes. 
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POWER CONNECTOR 
BLOCK (J1> 



SIGNAL 
CONNECTOR 
PINS (J2) 



H9281-AA. -BA 
4-SLOT BACKPLANE 



H9281-AB. BB 
B-SLOT BACKPLANE 
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120 OHM BUS TERMINATION RESISTORS 



H9281-AC. -BC 

12 SLOT BACKPLANE 



O O O O O O o 1_Z 



- PROCESSOR MODULE 

- OPTION 1 (HIGHEST PRIORITY) 
OPTION 2 

OPTION 3 (LOWEST PRIORITY) 

- ROW NUMBER 



- PROCESSOR MODULE 
-OPTION 1 (HIGHEST PRIORITY) 

- OPTION 2 
OPTION 3 
OPTION 4 

- OPTION S 
OPTION 6 

- OPTION 7 (LOWEST PRIORITY) 



I • PROCESSOR MODULE 

2 -OPTION 1 (HIGHEST PRIORITY) 

3 - OPTION 2 

4 - OPTION 3 

5 - OPTION 4 

6 - OPTION 5 

7 - OPTION 6 

8 - OPTION 7 

9 - OPTION 8 

10 * OPTION 9 

II - OPTION 10 

12 -OPTION 11 (LOWEST PRIORITY) 




120 OHM BUS TERMINATION RESISTORS 



Figure 5 H9281 Option and Connector Locations (Module Side) 
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H9800-A CABINET 
GENERAL 

The H9800-A is a low-profile systems desk equipped with a walnut- 
grained plastic laminate top and color-coordinated to fit into modern 
office decor. The unit is equipped with six ball casters as standard 
equipment for easy positioning on carpeted surfaces. Also included is 
a 1 15 Vac power distribution panel. 




B44B-2 - A01 89 



Figure 1 H9800-A Cabinet 



SPECIFICATIONS 

Dimensions 
Width 
Depth 
Height 

Shipping weight 



Module enclosure 
Mounting space 
Usable height 
Usable depth 
(variable) 



Color 



121.92 cm (48 in.) 
81.28 cm (32 in.) 
70.1 cm (27.6 in.) 
45.36 kg (100 lb.) 

Standard 48.3 cm (19 in.) EIA 

53.3 cm (21 in.) 
73.7 cm (29 in.) 

Walnut-grained top surface, beige side 
panels, chrome trim 



DESCRIPTION 

The H9800-A is constructed of quality materials including a top con- 
structed of 24.9 kg (55 lb.) particle board with a dark-walnut plastic 
laminate. The "module" itself is constructed of 11 and 18 gauge steel 
with a maximum loading capacity of 181.44 kg (400 lb.). 
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The H9800-A consists of a left-mounted rack enclosure offering 53.3 
cm (21 in.) of usable height and 73.7 cm (29 in.) of usable depth in a 
standard 48.3 cm (19 in.) EIA mount format. The right side offers knee 
space, a modesty panel, and a convenient work surface ideal for using 
terminals or typewriters. 
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IBV11-A INSTRUMENT BUS INTERFACE 
GENERAL 

The IBV1 1-A is an option that interfaces the LSI-1 1 bus with the instru- 
ment bus as described in IEEE Standard 488-1975, "Digital Interface 
for Programmable Instrumentation." An IBV11-A can be installed in 
any LSI-1 1 system. The IBV11-A consists of an M7954 interface mod- 
ule and a BN11A-04 cable for connecting the first instrument. Addi- 
tional instruments may be connected using a BN01 A cable. 

The IBV11-A makes an LSI-1 1 based programmable instrument sys- 
tem possible. 

FEATURES 

• PDP-1 1 software-compatible 

• 40-Kbyte/sec maximum transfer capability of hardware 

• Board-mounted, user-configured switches allow easy device 
(register address) and interrupt vector address selection 

• Software support available under FORTRAN IV 

• 5-Kbyte/sec transfer rate under FORTRAN 

• System hardware-compatible with the LSI-1 1 component system 

• Instrument bus compatible with the IEEE 488-1 975 standard 

• The module supports cable lengths up to 20 m (65.6 ft) total 

• 15 devices (maximum) can connect to the bus 

SPECIFICATIONS 

Identification M7954 

Size Double 

Power +5.0 Vdc ±5% at 0.8 A 

Bus Loads 



The IBV11-A, when connected to the LSI-11, will meet the following 
subsets of IEEE Standard 488-1975: 



AC 
DC 



1.8 



SH1 
AH1 
TS 
TE5 
LE3 



SR1 
RL1 
PP2 
DC1 



C1 
C2 
C3 
C4 
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This module is designed to be the only controller on the IEEE bus. 
Therefore, it will not respond to another controller on the bus that 
issues either a parallel poll configure command or a parallel poll con- 
trol signal. 

DESCRIPTION 
General 

The functional logic blocks that make up the IBV11-A are shown in 
Figure 1. LSI-11 software controls and communicates with the IBV11- 
A via programmed I/O transfers and interrupts. Programmed I/O 
transfers are made possible by assigning unique device addresses 
(also called "bus addresses") to the IBS and IBD registers. 

LSI-11 Bus Interface 

LSI-11 bus address selection, interrupt vector address generation, 
and bus data driver/receiver (transceiver) functions are provided by 
transceiver integrated circuits (DC005). Each integrated circuit pro- 
vides the interface for four BDAL bus lines; thus, four transceivers 
comprise the 16-line BDAL (0:15) L LSI-1 1 bus interface. 

Bit 1 of the least significant octal digit (BDAL 0) selects the IBS or IBD 
register. This is a byte pointer and it is significant for DATOB and 
DATIOB bus cycles only. Register address selection is actually per- 
formed in the LSI-11 bus protocol and register selection circuit 
(DC004); the receiver integrated circuit (DC005) simply routes the re- 
ceived low-order three address bits [DA (2:0)] to that function. 

All I/O transfers over the LSI-11 bus are done according to a strict 
protocol. One bus protocol integrated circuit (DC004) performs both 
this function and the register address selection previously discussed. 
When an active ADDRESS MATCH signal is present and BSYNC L 
signal is asserted, the bus protocol integrated circuit is enabled to 
complete its register selection function. BWTBT L, BDOUT L, and 
BDIN L bus signals are decoded in the integrated circuit, as appropri- 
ate, to produce the LOAD IBS LOW BYTE, SELECT IBS, LOAD IBD 
LOW BYTE, and RECEIVE internal control signals from the IBV11-A 
logic functions. The integrated circuit also asserts BRPLY L as re- 
quired during the I/O sequence to complete the programmed transfer. 
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Figure 1 IBV1 1 -A Functional Block Diagram 
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Interrupts are generated by one interrupt integrated circuit (DC003). 
Four interrupt vectors can be generated by this bus interrupt interface 
function. A 5-bit vector switch allows the user to select the interrupt 
vector for the IBV11-A module. The IBV11-A base interrupt vector is 
factory-configured for 420. The base interrupt vector can range from 
300 to 760; however, the vector interrupt must not conflict with other 
bus devices, or with those interrupts reserved for system vectors. 

Interrupt Vector Interrupt Source 

000420 Error 
000424 Service request 

000430 Command and talker 

000434 Listener 

These interrupt vectors allow the IBV11-A to generate interrupts that 
can most efficiently be serviced by four separate service routines. 

Interrupt and vector control logic on the IBV11-A module generates 
the INTR CTL signals that initiate the interrupts. Inputs for this logic 
function include the interrupt enable (IE) bit (stored in the control 
buffer), command or talker (CMD or TKR) and listener (LNR) ready 
flags, error (ERR) status from the error detection logic, and the device 
service request (instrument bus control signal). 

Instrument Bus Control 

The control buffer is an 8-bit register that functions as the low byte of 
the IBS register. Bits stored in this register control generation of inter- 
rupts, instrument bus clear, and instrument bus control and status 
logic. Setting the IBC bit actually triggers a one-shot producing a 125 
us pulse that clears the instrument bus. Take control sync and 
handshake control logic function together with instrument bus control 
and handshake interface logic to communicate with instruments on 
the bus according to instrument bus protocol. Output transactions 
with the low byte of the IBD register result in data being stored in the 8- 
bit command .and talker output buffer. Instrument bus line drivers gate 
this byte onto the instrument bus when the IBV1 1-A is an active talker, 
or when it is an active controller. 

Instrument Bus Interface 

The IBV11-A interfaces with the instrument bus via four integrated 
circuits, type MC3441. These integrated circuits are bus transceivers, 
each containing four bus drivers, four bus receivers, and bus termina- 
tions that comply with instrument bus specifications. 
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CONFIGURATION 
General 

The IBV11-A option can be installed in any LSI-11 bus to interface 
various instruments via an "interrupt bus." The instrument bus is de- 
fined in the IEEE Standard 488-1975, "Digital Interface for Programm- 
able Instrumentation." Any instruments designed to interface with the 
bus defined in that standard can be interfaced to the LSI-1 1 system via 
thelBV11-A. 

The following paragraphs contain only the basic information necessa- 
ry for configuring device register addresses and vector interrupts, 
general installation and interface to the instrument bus, and basic 
programming (e.g., device register functions). 

Device Address 

Device address switches provide a convenient means for the user to 
configure the IBV11-A's register addresses. Only switches 
corresponding to BDAL lines (3:12) are provided. By PDP-11 conven- 
tion, the upper 4K address space (bank 7) is normally reserved for 
peripheral devices, such as the IBV11-A. The processor module as- 
serts BBS7 L whenever a bank 7 address [BDAL (13:15) L is asserted] 
is placed on the bus. Thus, BBS7 L must be asserted to enable an 
"address match" output from the address selection function. Any ad- 
dress ranging from 16000X to 17777X can be configured that does not 
conflict with other device addresses within the system; the X in the 
address represents register and byte selection within the module. 

Each IBV11-A module is factory-configured for a standard device reg- 
ister address (160150) and interrupt vector (420). Switches S1 
(interrupt vector) and S2 (device register address) configure the mod- 
ule. A summary of register addressing and interrupt vectors is provid- 
ed in Figures 2 and 3. Observe that the IBD register address is always 
the IBS address plus 2. Similarly, only the error interrupt vector is 
configured. The remaining three vectors are permanently assigned 
sequential addresses in address increments of four as shown in Table 
1. 
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Table 1 Standard Assignments 



First 

Read/ Module 

Description Mnemonic Write Address 



Registers 

Control/Status 
Data 

Vectors 

Error 
Service 

Command and Talker 
Listener 



IBS 
IBD 

ER2, ER1 
SRQ 

CMD, TKR 
LNR 



R/W 
R/W 



160150 
160152 

420 
424 
430 
434 



Switches S1 and S2 are located on the IBV11-A module as shown in 
Figure 4. S1 and S2 are switch assemblies, each containing several 
individual switches. The individual switches indicated in Figures 2 and 
3 are clearly marked on the S1 and S2 assemblies. The ON and OFF 
positions are also clearly marked. 

Interrupt Vectors 

The IBV1 1-A is capable of generating four separate interrupt requests; 
each have separate interrupt vectors and normally would have sepa- 
rate service routines. Interrupts can be requested only when the IBS IE 
(interrupt enable) bit is set. Interrupt requests are priority structured in 
the IBV1 1 -A. A summary of the four types is provided below. 

Associated 
Vector IBS Bit 



Priority 



Highest 000XNN00 ER2, ER1 

Second 000XNN04 SRQ 
highest 



Third 
highest 



000XNN1© TKR, CMD 



Cause of Interrupt 

Error condition. 

A device connected to the 
instrument bus is request- 
ing service. 

The IBV1 1-A is an active 
talker and is ready for the 
processor to output a byte 
to the low byte of the IBD 
register. (ThelBV11-A will 
normally then transmit the 
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Lowest 000XNN14 LNR 



byte over the installation 
bus to the active listen- 
ers).) 

The IBV1 1-A is an active 
listener and has a data 
byte to be read by the 
processor. 



NOTES 

1 . X = User-configured interrupt vector octal digit. 

2. N = User-configured interrupt vector binary bits. 

3. Associated IBS bits shown, when set, produce interrupt requests 
if the IE bit is set. 

IBS REGISTER ADDRESS FORMAT 



15 
1 


14 

1 


13 
1 


12 


11 


10 


09 


oa 


07 


06 


OS 


04 


03 


02 
0 


01 
R 


00 
B 




























Li 

E 


YTE 

>OINTER 
JIT 



?OFF OFF OFF OFF OFF OFF 



NORMALLY 0 
'-►(RESERVED FOR 
FUTURE USE ) 



NOTES: 

1. OFF • Logicol 0 ; ON ■ Logical 1 

2. Only the IBS REGISTER ADDRESS Is configured via S2. The IBD REGISTER ADDRESS always equals the 
IBS REGISTER ADDRESS +2 . 



Figure 2 Register Addresses 



11 



INTERRUPT VECTOR 

• ERROR 

• SERVICE REQUEST 

• COMMAND AND TALKER 

• LISTENER 



- ON "DISABLE ERRI 
INTERRUPTS 
(NOTE 3) 

OFF 'NORMAL (ENABLE) 
ERRI INTERRUPTS 



NOTES: 

1. OFF » Logical 0 : ON ■ Logical I 

2. Only the VECTOR ADDRESS tilts (8:4) a 
hordwore - selected for the functions shown 

3. SI-8 OFF" IBV11-A Is the only system controller connected to the Instrument bus. 
S1-S ON ■ Another system controller Is connected to the Instrument bus. 



configured vlo SI. Bits 3 and 2 < 



Figure 3 Interrupt Vector 
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Figure 4 IBV1 1-A Module Switch Locations 
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Interrupt 

Error 



Interrupt Vector 

"n" (configured vector) 



Service 

Command and Talker 
Listener 



n + 4 
n + 10 8 
n + 14 e 



Preferred value range for "n" = 300 < n ^ 760 
Registers 

The IBV11-A communicates with devices connected to the instrument 
bus under the control of the program being executed. All communica- 
tion between the processor and the IBV1 1-A is via the instrument bus 
status (IBS) and instrument bus data (IBD) registers. The programmer 
must be aware of the functional significance of each bit in both regis- 
ters before any programs can be written that will control specific de- 
vices on the instrument bus. In addition, the programmer must estab- 
lish instrument (device) addresses, and conform to the programming 
rules specified for each instrument connected to the instrument bus. 
See Figure 5 for a description of the IEEE bus. 

The instrument bus status (IBS) register is similar in function to other 
device control/status register (CSRs). The instrument bus data (IBD) 
register is a 16-bit register that contains eight read/write data bits in 
the low byte and eight read-only bits in the high byte. The eight read- 
only bits allow the program to read the logical state of the control and 
management signals of the instrument bus. 

The IBS register provides the means for controlling the instrument bus 
control and management signals, and IBV11-A functions relative to 
the LSI-11 bus. The low byte of the IBD register, on the other hand, is 
used for passing commands to devices connected to the bus, and for 
transmitting and receiving data between the processor and talker and 
listener devices. In addition, the high byte of the IBD register allows for 
processor monitoring of all instrument bus signal (control) lines. IBS 
and IBD registers are shown in Figure 6 and described in Tables 2 and 
3. 
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lC 



tfttt m / > 



lC 



lC 



}- 



LINE DATA BUS 



DAV 
NRFO 
NO AC 



ATN 
SRQ 
REN 
EOI 



GENERAL 

INTERFACE 

MANAGEMENT 



Figure 5 Instrument Bus Signal Lines 
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INSTRUMENT BUS STATUS (IBS) 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



SRQ 


ER2 


ER1 


NOT 
USEO 


NOT 
USED 




TKR 


LNR 


ACC 


IE 


TON 


LON 


IBC 


REM 


EOP 


TCS 


INSTRUMENT BUS DATA (IBD> 
15 14 13 12 11 10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


EOI 


ATN 


IFC 


REN 


SRQ 


RFD 


DAV 


DAC 


108 


107 


106 


105 


104 


103 


1 02 


101 






Figure 6 Register Word Format 
Table 2 Instrument Bus Status Word Format 




MR 1272 



Bit: 15 Name: SRQ 

Description: (Service Request) 

Monitors the state of the instrument bus service request line at all 
times. Set when the IB SRQ line is low. Will cause an interrupt when 
both SRQ and the interrupt enable bits are set. When the ER1 -inhibit 
switch is set, this bit will be written by any type of instruction that writes 
into the IBS. Read/write. 

Bit: 14 Name: ER2 

Description: (Error 2) 

Asserted if the IB reports that DAC is true when the IBV11-A tries to 
send a data or command byte. This condition will exist when there is 
no active listener or command acceptor on the IB. An ERR interrupt 
occurs when both the ER2 and the interrupt enable bits are set. 
Cleared by clearing both TON the TCS. Read-only. 

Bit: 13 Name: ER1 

Description: (Error 1) 

Unless inhibited by the ER1 -inhibit switch, this bit is asserted when- 
ever a conflict occurs between the IB ATN, IFC, or REN lines and their 
IBV11-A control hardware, i.e., if one or more of these control lines is 
asserted when it should not be asserted or not asserted when it should 
be asserted. When asserted, the IBV11-A will not assert the ATN line 
even though the TCS bit remains set. An ERR interrupt occurs when 
both the ER1 and the interrupt enable bits are set. This condition can 
be cleared only by clearing the cause. Read-only. 

Bit: 12 Name: Not used 

Description: Always read as a zero. Read-only. 

Bit: 11 Name: Not used 

Description: Always read as a zero. Read-only. 
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Bit: 10 Name: CMD 

Description: (Command Done) 

Set when the IBV11-A is ready to send a command byte; set by a 
successsful TCS to indicate that ATN was asserted and the first com- 
mand byte may be issued. Also set by DAC when a command has 
been completely accepted. A CMD/TKR interrupt occurs when both 
the CMD and the interrupt enable bits are set. This bit is cleared by 
INIT, received IFC, writing a command into the IBD low byte, or by 
turning TCS off. Read-only. 

Bit: 9 Name: TKR 

Description: (Talker Ready) 

Set when the IBV1 1-A is ready to send a data byte; set when TON is on 
while TCS is turned off, or by DAC when TON is on. A CMD/TKR 
interrupt occurs when both the TKR and the interrupt enable bits are 
set. Cleared by INIT, received IFC, writing a data byte into the IBD low 
byte, or by turning TON off or TCS on. Read-only. 

Bit: 8 Name: LNR 

Description: (Listener Ready) 

Set when the IBV1 1-A has a data or command byte ready for reading 
from the IBD low byte; set by DAV when LON is on. An LNR interrupt 
occurs when both the LNR and the interrupt enable bits are set. 
Cleared by reading the IBD low byte if ACC is off or by clearing the IBD 
low byte if ACC is on. Also cleared when LON is turned off and by INIT 
or received IFC. Read-only. 

Bit: 7 Name: ACC 

Description: (Accept Data) 

Set and cleared under program control. When clear, reading the IBD 
will automatically clear the LNR and assert DAC. When set, the pro- 
grammer must write 0 to the IBD low byte in order to clear the LNR bit 
and assert DAC. When the TCS, LON, and TON bits are all off (clear), 
setting this bit will assert NRFD. Cleared by INIT or received IFC. 
Read/write. 

Bit: 6 Name: IE 

Description: (Interrupt Enable) 

Set and cleared under program control to enable and disable all inter- 
rupts. Cleared by INIT. Read/write. 
Bit: 5 Name: TON 

Description: (Talker On) 

Set and cleared under program control to enable and disable the 
talker function. Cleared by INIT or received IFC. Read/write. 
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Bit: 4 Name: LON 

Description: (Listener On) 

Set and cleared under program control to enable and disable the 
listener function. Cleared by INIT or received IFC. Read/write, 

Bit: 3 Name: IBC 

Description: (Interface Bus Clear) 

Set under program control to cause the IFC line to be asserted for 
about 125 Msec. TCS will automatically be asserted at the end of IBC 
(out-going IFC). Cleared by INIT. Read/write, 

Bit: 2 Name: REM 

Description: (Remote On) 

Set and cleared under program control to assert and unassert the 
REN line. Cleared by INIT or received IFC. Read/write. 

Bit: 1 Name: EOP 

Description: (End of Poll) 

Set and cleared under program control to assert and unassert the E01 
line. Cleared by INIT or received IFC. Read/write, 

Bit: 0 Name: TCS 

Description: (Take Control Synchronously) 

Set and cleared under program control to take control synchronously, 
or to unassert ATN. Setting TCS will cause NRFD to be asserted for at 
least 500 ns before DAV is checked. ATN is then asserted when DAV is 
unasserted; NRFD is unasserted and CMD is set no sooner than 500 
ns after ATN is asserted. Cleared by INIT or received IFC. Read/write. 

Table 3 Instrument Bus Data Word Format 



Bit: 15 Name: EOI 
Function: (End or Identify) 

Monitors the IB EOI line at all times. Set when the IB EOI line is low. 
Read-only. 

Bit: 14 Name: ATN 
Function: (Attention) 

Monitors the IB ATN line at all times. Set when the IB ATN line is low. 
Read-only. 

Bit: 13 Name: IFC 
Function: (Interface Clear) 

Monitors the IB IFC line at all times. Set when the IB IFC line is low. 
Read-only. 



455 



IBV11-A 



Bit: 12 Name: REN 
Function: (Remote Enable) 

Monitors the IB REN line at all times. Set when the IB REN line is low. 
Read-only. 

Bit: 11 Name: SRQ 
Function: (Service Request) 

Monitors the state of the instrument bus service request line at all 
times. Set when the IB SRQ line is low. Will cause an interrupt when 
both SRQ and the interrupt enable bits are set. Read-only. 

Bit: 10 Name: RFD 
Function: (Ready for Data) 

Monitors the IB NRFD line at all times. Set when the IB NRFD line is 
high. Read-only. 

Bit: 9 Name: DAV 
Function: (Data Valid) 

Monitors the IB DAV line at all times. Set when the IB DAV line is low. 
Read-only. 

Bit: 8 Name: DAC 
Function: (Data Accepted) 

Monitors the IB NDAC line at all times. Set when the IB NDAC line is 
high. Read-only. 

Bit: 7-0 Name: DI08-DI01 
Function: IB Data I/O lines 

Reading the IBD low byte picks up unlatched data directly from the IB 
DIO lines. Data on the IB DIO lines may change if the LNR bit is not set. 
Generally, the only reason to read the DIO lines when LNR is not set is 
when a parallel poll response is expected. Writing data to the IB DIO 
lines is permitted when TON is set and DAV is clear, or when TCS and 
ATN are set and DAV is clear. Otherwise, writing into the IBD low byte 
will have no effect on the DIO lines but will set DAC if both ACC and 
LNR are set. Read/write. 

The data and command output buffer is cleared by INIT or received 
IFC. 



Connecting the External Equipment 

Connection from the IBV1 1-A to the first device on the instrument bus 
is via a type BN1 1 A cable (supplied with the M7954 module), as shown 
in Figure 7. One end is terminated with a 20-pin connector that mates 
with the 20-pin connector on the IBV11-A module; the other end is 
terminated with a 24-pin "double-ended" connector that conforms to 



456 



IBV11-A 



the IEEE 488 1975 standard; the cable can be connected to any device 
conforming to that standard. The double-ended connector contains a 
male 24-pin and a female 24-pin connector in the same connector 
housing. This allows for "linear" and "star" connections to instruments 
connected to the instrument bus, as shown in Figure 8. One BN1 1 A is 
included in the IBV1 1-A option. 

The linear arrangement shown in the figure includes five devices (or 
instruments), A through E. There is no particular significance to the 
sequence shown, or the electrical position along the instrument bus. 
Unlike the LSI-11 bus, the position along the bus does not structure 
device priority in the system. 

The star arrangement shown in the figure allows five devices to be 
connected by stacking instrument cable connectors on the BN11A's 
double-ended connector. Double-ended connectors on instrument 
bus cables will normally include captive locking screws on each con- 
nector assembly (two each), allowing stacked connectors to be se- 
cured together in a single assembly. 




It -4690 



Figure 7 BN11 A Instrument Bus Cable 
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(B) STAR ARRANGEMENT 

11-4891 



Figure 8 Linear and Star Configurations 

The BN1 1 A cable connector pin signal assignments are listed in Table 
4 for each connector. One BN11A cable is required for each IBV11-A 
module in a system. 

Optional Cables 

1 . Connect M7954 module to first instrument: 

BN11A-02 2 m (78.7 in.) 

BN11A-04 4 m (157.5 in.) 

2. Connect instrument to instrument: 

BN01A-01 1m (39.4 in.) 

BN01A-02 2 m (78.7 in.) 

BN01A-04 4m (157.5 In.) 
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IBV11-A 

BN1 1 A Connector Pin Assignments 



IBV11-A Signal Instrument Bus 

Connector Pin Name Connector Pin 

U DI01 1 

S DI02 1 

P DI03 3 

M DI04 4 

R EOI 5 

T DAV 6 

V NRFD 7 

X NDAC 8 

B IFC 9 

J SRQ 10 

F ATN 1 1 

W (SHIELD) 12 

K DI05 13 

H DI06 14 

E DI07 15 

C DI08 16 

D REN 17 

GND(DAVGND) 18 

N GND(NRFDGND) 19 

GND(NDACGND) 20 

A GND(IFCGND) 21 

GND(SRQGND) 22 

L GND (ATN GND) 23 

W GND (LOGIC) 24 



PROGRAMMING 

Example 1 — IBV11-A to Listener Device 

This programming example illustrates how the IBV11-A communi- 
cates with a listener device. Standard device and vector addresses are 
used, as shown in Figures 2 and 3. Once the program is started, and 
after pointers have been initialized and the IBV11-A has taken control 
synchronously, it communicates with the IBV11-A via an interrupt- 
driven service routine. No "background" program is used; the pro- 
gram simply waits until another interrupt occurs. 
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Communication with the listener device includes the transmission of 
two command bytes (read as words from a message buffer), followed 
by 24 message bytes that program device functions. After all message 
bytes have been transmitted, the program halts (displays HALT PC 
address = 1066). 

A program flowchart for this example is shown in Figure 9; a symbolic 
listing is shown in Figure 1 0. 



TAKE CONTROL 
SYNCHRONOUSLY 




11-5231 



Figure 9 Communicating with a Listener Device (Program Flowchart) 
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OCTAL 












ADDRESS 


COE'E 


ASSEMBLER SYNTAX 


COMMENTS 


,' ,. 1 1" . 4 ".!;, i 


001020 








9 


INTR RETURN ADDRESS 




000200 








9 


PSW 


001000 


012706 


START J 


MOV 


#500 --R6 


i 


SET UP STACK POINTER 


001002 


000500 












001004 


012700 




MOV 


#2000 f R0 


i 


RO IS MSG BUFFER ADDRESS 


001006 


002000 












001010 


012737 




MOV 


#110» 160150 


f 


TAKE CONTROL 


00-1012 


0001 10 








? 


SYNCHRONOUSLY TO BECOME 


001014 


160150 








f 


CONTROLLER- 1 N--CHARGE 


001016 




WAIT 1 


BR . 




i 


WAIT FOR INTERRUPT 


001020 


020027 




CMP 


R0,#2004 


i 


MORE COMMANDS TO BE SENT? 


001022 


002004 














J.00U06 




BPL 


20* 


r 


IF NOi-GO TO 20* 


001026 


012737 




MOV 


#1057160150 


9 


IF YESrSET IE » REM* AND 


001030 


000105 








t 


TCS BITS OF IBS REG TO 


001032 


160150 








9 


ACTIVATE CONTROLLER 


001034 


012037 


send: 


MOV 


(R0) + r 16015: 


2t 


SEND MSG TO IB 


001036 


160152 












001040 


t\ i\ t\ t\ i\ ^ 
000002 




RTI 




9 


RETURN TO WAIT — FOR 












9 


MSG TO BE ACCEPTED 


OOIUM^J 




20*2 


CMP 


R0!-#2004 


i 


IS TALKER ACTIVE? 


001044 


002004 












001046 


003003 




BGT 


30* 


9 


IF YES^GO TO 30* 


001050 


012737 




MOV 


#144*160150 


9 


OTHERWISE SET IE » TON 


001052 


000144 








9 


AND REM BITS OF IBS REG 


001054 


160150 








9 


TO ACTIVATE TALKER 


001056 


020027 


30* t 


CMP 


R0s-#2064 


9 


HAD ALL MSG BEEN SENT? 


001060 


002064 












001062 


100364 




BMI 


SEND 


9 


IF NO 9 GO SEND ANOTHER MSG 


001064 


000000 




HALT 


9 


OTHERWISE STOP 



1 1 -S232 



Figure 10 Communicating with a Listener Device (Program Listing) 
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Example 2 — IBV11-A to Talker Device 

This programming example illustrates how the IBV11-A 
communicates with a talker device. As in example 1, this program- 
ming example assumes standard IBV1 1-A device and interrupt vector 
addresses. Communication between the instrument and the LSI-11 
system is via IBV11-A interrupt-driven service routines. No back- 
ground program is used; the program simply waits until another inter- 
rupt occurs. 

Communication with the instrument involves first transmitting the con- 
tent of the command message buffer, in a manner similar to the 
program operation described for example 1, followed by accepting 
instrument output data and storing it in a received data buffer. The 
content of the command message buffer typically includes first acti- 
vating the device via its listener address, followed by setting up range 
mode, operating parameters for the instrument, an execute com- 
mand, and finally, activating the device as an active talker via its talker 
address. Once the device has received the command message buffer 
data, it performs the programmed measurements (or the function, 
depending on the instrument) and returns data to the LSI-11 system 
via the IBV11-A. Note that during this portion of program operation, 
the IBV11-A functions as an active listener on the instrument bus. 
Once all measurements have been stored by the program, the pro- 
gram halts with a displayed PC address = 1 102. 

A program flowchart for this example is shown in Figure 11 and a 
symbolic program listing is shown in Figure 12. 
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^ START ^ 



TAKE CONTROL 
SYNCHRONOUSLY 




TRANSFER MSG 
TO R1 




ISSUE "DAC" 
TO IB 



ISSUE "DAC" 
TO IB 



I I ( \ 

( END I 

11-5234 

Figure 1 1 Communicating with a Talker Device (Program Flowchart) 
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ADDRESS 


CODE 


ASSEMBLER SYNTAX 


COMMENTS 


000430 


001024 






[ 


COMMAND/TALKER INTR 










i 


RETURN ADDRESS 


000 4 3? 


000200 






i 


PSW 


000434 


001056 






i 


LISTENER RETURN ADDRESS 


000436 


000200 






} 


PSW 


001000 


012706 


O 1 nn 1 ♦ nUV 


t JW 9 f\0 




CJFT IIP <?TArk' 


001002 


000500 










001004 


012700 


MOV 


t ^uuu t rw 






001006 


002000 










001010 


012701 


MOV 


#2500rRl 




BUFF' FOR RECEIVED MSG 


001012 


002500 










001014 


012737 


MOV 


#1 10 1 160150 


( 


TAKE CONTROL SYNCHRONOUSLY 


001016 


000110 






[ 


TO BECOME CONTROLLER- 


001020 


160150 






[ 


IN-CHARGE 9 C-I--C 


001022 


000777 


WAITS BR . 




9 


WAIT — FOR INTERRUPT 


001024 


012737 


MOV 


#105»160150 




PREPARE TO SEND 


001026 


000105 








COMMAND MESSAGES 


001030 


160150 










001032 


022700 


CMP 


#2024 f R0 


r 


HAD ALL COMMANDS 


001034 


002024 






i 


BEEN SENT? 


001036 


001404 


BEQ 


20* 


i 


IF YESfGO TO 20* 


001040 


012037 


MOV 


(R0)+> 160152 


i 


OTHERWISE SEND MSG 


001042 


160152 










001044 


000002 


RTI 




i 


RETURN TO WAIT — FOR 










' 


MSG TO BE ACCEPTED 


001046 


012737 


20$ > MOV 


#320,160150 


} 


IBVil-A SWITCHES FROM 










) 


CONTROLLER TO LISTENER 


001052 


160150 














RTI 




9 


RETURN TO WAIT— 












FOR DMM MSG 


001056 


013721 


MOV 


160152p(R1)+ 




SAVE THE RECEIVED 


001060 


160152 






9 


MSG IN Rl 


001062 


022701 


CMP 


♦2540 »R1 


9 


HAD 20 (OCTAL) MSG 


001064 


002540 






9 


BEEN ACCEPTED? 


001066 


001403 


BEQ 


30$ 


9 


IF YES, GO TO 30* 


001070 


005037 


CLR 


160152 




OTHERWISE ISSUE DAC 


001072 


160152 










001074 


000002 


RTI 




i 


RETURN TO WAIT—FOR 










f 


ANOTHER DMM MSG 


001076 


005037 


30$: CLR 


160152 


9 


ISSUE DAC TO IB 


001100 


000000 


HALT 


9 


STOP 9 20 MSG RECEIVED 



11-6236 



Figure 1 2 Communicating with a Talker Device (Program Listing) 
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KPV11-A,-B,-C 

POWER-FAIL/LINE-TIME 

CLOCK/TERMINATOR 

GENERAL 

The KPV1 1 is an LSI-1 1 power-fail/line-time clock (LTC) gener- 
ator. Three versions of the KPV11 are available: KPV11-A, 
which has only power-fail and LTC functions; KPV11-B, which 
has 120 Q bus terminations in addition to the power-fail and 
LTC; and KPV11-C, which is similar to the KPV11-B, but has 
220 ft bus terminations. The KPV11 is compatible with all LSI- 
11 component systems and LSI-1 1 backplane options. It is de- 
signed for installation into any LSI-1 1 bus-structured back- 
plane or remote installation (not installed into a backplane) via 
an optional cable which connects the KPV11 to the LSI-1 1 
backplane. In order to use the KPV11-B or KPV11-C as bus 
terminators, they must be installed in the LSI-1 1 backplane. An 
optional console panel and bezel are available for manual con- 
trol of the LTC and the display of dc power on/off status and the 
processor run/halt state. 



FEATURES 

• Automatic generation of BPOK and BDCOK power-up/power-down 
signal sequence 

• Automatic program restoration and starting when used with non- 
volatile memory and appropriate software routines 

• Line-time clock time reference provided by a signal source (user- 
supplied) other than the power line 

• KPV11-B and KPV11-C provide bus termination when plugged into 
an LSI-1 1 backplane 

• Can be installed into the LSI-1 1 backplane or mounted remotely. An 
optional cable (DIGITAL part no. 70-12754) connects the KPV11 to 
the LSI-1 1 backplane 

• Expandable with the 54-1 1808 console panel option 



465 



KPV11-A, -B,-C 



SPECIFICATIONS 

Identification 



Size 

Power 

System DC 
DC Sensing 
Inputs 

AC Line Monitor 
Input 

Bus Loads 
AC 
DC 

Options 
54-11808 

70-11656 

70-12754 

70-086120 



M8016(KPV11-A) 

M8016-YB(KPV11-B) 

M8016-YC(KPV11-C) 

Double 

+5 Vdc ±5% at 560 mA 

+5Vdc±5%at0.11 mA 
+ 12 Vdc ±3% at 0.82 mA 

24 Vac ± 1 0% at 200 mA with 
grounded center tap (Figure 4) 

1.6 
1.0 

Console Panel (PC assembly) 
Console Bezel 

Remote Signal Cable (for remote 
mounting of KPV11) 

Console Signal/Power Cable (for 
connecting optional console pan- 
el to theKPV11) 



DESCRIPTION 
General 

The KPV11-A provides two main functions— power signal sequence 
circuits and programmable line-time clock circuits. The KPV11-B and 
KPV11-C have, in addition, bus termination circuits, 120 fi for the 
KPV11-B and 220 fl for the KPV11-C. All KPV11 modules have an 
interface for the optional console panel. Figure 1 illustrates the basic 
KPV1 1 functions. 
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AC LINE INPUT - 



LINE XFMR 
(USER- 
SUPPLIEO) 



LSI-11 
SYSTEM 
COMPONENTS 
(PROCESSOR, 
MEMORY, 
PERIPHERAL 
INTERFACE 
MODULES, 
ETC. ) 



BOAL <0:12>L 



BBS7 L 
BSYNC I 
BDIN L 
BDOUT I 
BINIT 
BEVNT 
BRPLY 



S SPARE _3_ 
BHALT L 



.(LSI-II BUS SIGS.) 



KPV11-C 
(M80I6-YC) 



PROGRAMM- 
ABLE 
LTC CKTS 



POWER 
SIGNAL 
SEOUENCE 
CKT 



■« — »- 



CONSOLE 
(OPTIONAL) 



REMOTE REMOTE 
SIGNAL DC ON/ 
CONNECTOR OFF 

(OPTIONAL) 



Figure 1 KPV1 1 Functional Block Diagram 



Power Signal Sequence Circuits 

The power signal sequence circuits generate the proper LSI-1 1 bus 
power sequencing signals (BPOK H and BDCOK H) for the processor 
power-up/power-down sequence and line-time clock interrupts at the 
power line frequency. Figure 2 illustrates the KPV11 power signal se- 
quence timing. 

Power signal sequence circuits are shown in Figure 12. Operating 
power for these circuits is obtained from the 24 Vac, 50 Hz or 60 Hz 
input at the two ac terminals and GND. Conventional full-wave rectifi- 
ers produce + 17V and -17V operating voltages for the ac line monitor 
Sen mitt trigger (Q1 and Q2) and a 5V, 3-terminal regulator; the regula- 
tor +5V is distributed throughout the power signal sequence circuit for 
operating power. 
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Power-Up — During the power-up sequence, ac voltage from the 
transformer secondary is applied to a Schmitt trigger circuit (Q1 and 
Q2). The Schmitt trigger squares the ac sine-wave and drives level 
converter Q3. Q3's output is a TTL-compatible signal. The square 
wave signal is applied to two 10 ms (nominal) one-shots (and the LTC 
circuits). One one-shot triggers on the positive-going transition of the 
square wave signal and the other triggers on the negative-going tran- 
sition. The one-shot outputs are ORed, producing a high (normal) 
output at gate E6-1 3. Normally, one or the other one-shot will be in the 
set state. If a transition of the square wave signal is not followed by a 
transition of the opposite polarity within 20 ms, both one-shots will 
time out and the logic signal at E6-13 will go low; this is a power-fail 
condition. 

During a power-up sequence, voltage sense +5V and +12V (remote 
sense), or +5V and +12V (LSI-11 backplane voltages) inputs rise to 
voltage levels that cause voltage comparators A and B to produce high 
outputs. The comparator outputs are connected and applied to one 
input of gate A. The remaining input of gate A is enabled by the 
normally high gate E6-13 signal, which is applied (but not delayed) via 
the 3 ms delay circuit. Gate A's output goes high. This signal is then 
delayed 17 msand inverted, producing a low signal which is applied to 
the non-inverting input of comparator C and gate C. Comparator C's 
output goes low, turning off Q4 and producing an active BDCOK H 
signal 1 7 ms (minimum) after ac power is applied. 
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Figure 2 Power Signal Sequence Timing 
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Gate C's output goes high, enabling gate B. The remaining gate B 
input is enabled by the high gate E6-13 output signal. Gate B's high 
output signal is delayed 70 ms and inverted, producing a low signal 
(E10-10) which is applied to the non-inverting input of comparator D. 
Comparator D's output signal goes low, turning off Q5, and producing 
the active BPOK H signal 70 ms after the active BDCOK H signal. With 
both signals in the active (high) state, normal system operation can 
proceed. 

Power-Down — When an ac power failure occurs, the trigger pulses to 
the one-shots cease, and both one-shots time out. Gate E6-13 goes 
low, inhibiting gate B, and initiating the 3 ms delay. (E6-4 signal volt- 
age starts to rise from the logical low state). Gate B's output goes low; 
this low signal is inverted, but not delayed, by the 70 ms delay circuit, 
and the resulting high signal is applied to the non-inverting input of 
comparator D. Comparator D's output goes high, turning on Q5, and 
negating BPOK H. Meanwhile, the 3 ms delay circuit, after the 3 ms 
delay, produces a low signal at E10-14. A low signal inhibits gate A, 
causing its output signal to go low. The low signal is inverted (but not 
delayed) by the 17 ms delay circuit, and applied to the non-inverting 
input of comparator C. Comparator C's output goes high, turning on 
Q4 and negating the BDCOK H signal 3 ms after BPOK H becomes 
negated. Q6 monitors the 17 ms delay circuit output and produces the 
DC ON H signal for the remote console panel display. When dc volt- 
ages are normal, E1 0-1 2 goes low; Q6 cuts off and DC ON H goes high. 
When dc voltages are not present, E10-12 goes high; Q6 turns on and 
negates DC ON H. 

When the remote console panel is connected to the KPV11, the DC 
ON/OFF switch can simulate a power line failure and control the user's 
power supply. The simulated power line failure occurs when a low DC 
POWER ON H occurs (DC OFF switch position). This low signal 
produces a low signal that clears both one-shots, and the simulated 
power failure results. 

Remote control of the user's power supply is made possible via the 
REMOTE DC ON/OFF etched pad. The signal present at this point is 
the 3 ms delay circuit signal (E10-14) inverted by Q7. Thus, when 
normal line voltage is sensed and the remote console panel DC 
ON/OFF switch is not in the OFF position, this signal goes low, activat- 
ing a control circuit in the user's power supply that turns dc voltages 
on. When this signal is high— a result of power-fail or placing the 
remote console panel DC ON/OFF switch in the OFF position— the 
user's power supply dc output voltages should turn off. 
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Figure 4 Programmable Line-Time Clock Circuits 
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console LTC ON/OFF switch enable/disable, and manual-pro- 
grammable operation. Additional jumpers (W1-W10) select the device 
address for the LKS register. Jumpers are factory-configured as 
shown in Figure 8. 

Program access to the LKS register is via the address configured by 
jumpers W1-W10. The processor first places the KPV11 LKS register 
address on BDAL (00:15) L and asserts BBS7 L. Note that BBS7 L is 
asserted only during an addressing operation when BDAL (13:15) L 
are asserted; hence, the address decoders receive only BDAL (00:12) 
L and BBS7 L. Device selection occurs on the leading edge of BSYNC 
L. If the address input matches the jumpered address, LKS H goes 
high (true), and remains true for the duration of the LSI-1 1 bus cycle. 

Two flip-flops comprise the two significant bits of the LKS register. Bit 
6 is produced by the LTC enable flip-flop. Similarly, bit 7 is produced 
by the LTC monitor flip-flop. 

During a programmed write operation (DATO, DATOB, or the write 
portion of DATIO, or DATIOB bus cycle), LKS L (LKS H inverted) and 
BDOUT L are ANDed to produce an active (high) WRITE LKS H signal. 
The leading edge of LKS H clocks the logical state of BDAL06 H into 
the LTC ENB flip-flop, enabling or disabling LTC interrupts. The LTC 
MON flip-flop, however, can be preset only during the write cycle. Note 
that the LTC MON flip-flop, when preset, is read as a logical 0 via the 
flip-flop's Q output; when the flip-flop is reset, it is read as a logical 1 . 
BDAL07 L (0 = high) is ANDed with WRITE LKS H, producing a low 
signal that presets the flip-flop; MONITOR H then goes low. 

Normally, the LTC ON/OFF input to E10-5 is passive (high), producing 
a low at E10-6 that enables AND gate input E13-12. When interrupts 
are enabled, LTC ENB (1) L enables E13-11 and E13-13 goes high. 
This signal then enables one input of the BEVNT L bus driver. The 
remaining bus driver input is the LTC H signal. Thus, when LTC H goes 
high, BEVNT L goes low, and the LTC interrupt request is presented to 
the processor. 

The leading edge of LTC H also clocks the LTC MON flip-flop to the 
reset state, and MONITOR H goes true (high). MONITOR H conditions 
one input of the BDAL07 H bus driver. During a read cycle, DATI (or 
the read portion of the DATIO cycle), LKS L, and BDIN L are gated to 
produce an active (high) READ LKS H signal. READ LKS H enables 
both BDAL07 L and BDAL06 L bus drivers, gating the monitor and 
interrupt enable status bits onto the LSI-1 1 bus. 

During both programmed read and write bus cycles, the KPV11 must 
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respond by asserting BRPLY L. READ LKS L and WRITE LKS L are 
ORed and applied to the BRPLY L to produce the appropriate device 
response according to LSI-1 1 bus protocol. 

The optional console panel includes the LTC ON/OFF switch. When 
placed in the OFF position, J 1-4 is low; E10-6 goes high, inhibiting 
E13-12 and LTC interrupt requests are disabled. The function can be 
disabled by removing W14. 

When manual-only LTC operation is desired, W13 is removed and 
W12 is installed. E13-11 is continuously enabled and LTC interrupt 
requests can be disabled via the console panel LTC ON/OFF switch; 
W14 must be installed for this operation. 

Bus Terminations 

The KPV11-C provides 120 bus termination, while the KPV11-B has 
220 Q bus terminations. Each bus signal line termination includes two 
resistors as shown in Figure 5. Termination resistors are contained in 
16-pin dual-in-line packages that are physically identical to integrated 
circuit packages. Each package contains 14 terminations. Daisy- 
chained grant signals are jumpered but are not terminated. BIAKI L is 
jumpered to BIAKO L and BDMGI L is jumpered to BDMGO L. 



Figure 5 KPV1 1 -B and KPV1 1 -C Bus Terminations 
Console Panel Interface 

The option console panel interfaces with the system via the KPV11 
module as shown in Figure 6. The DC ON indicator (D1) is driven 
directly by the DC ON H driver (Q6) in the power signal sequence 
circuit. 

The RUN indicator is driven by the processor-generated SRUN L sig- 
nal pulse. The 200 ms one-shot receives a continuous series of trigger 
pulses, when the processor is in the "run" (program execution) state, 
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that keeps the one-shot in the retriggered state. When in this state, the 
one-shot produces a high signal that turns the RUN indicator (D2) via 
the LED driver. When the processor is halted, the 200 ms one-shot 
times out, and the RUN indicator extinguishes. 
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The three console switches each include a "debounce" circuit com- 
posed of cross-coupled inverters. DC ON/OFF and LTC ON/OFF func- 
tions are used as previously described for power signal sequence and 
programmable line-time clock circuits, respectively. 

The ENABLE/HALT switch enables the run mode (by not asserting 
BHALT L) or halts the processor; when halted, console ODT micro- 
code operation is invoked. An R-C filter and BHALT L bus driver 
circuit on the KPV1 1 module interface this function to the LSI-1 1 bus. 

CONFIGURATION 
General 

The KPV1 1 can be installed into any LSI-1 1 system backplane or into a 
remote installation (not installed in a backplane). All KPV11 installa- 
tions require a user-supplied, 24 Vac, center-tapped transformer ca- 
pable of supplying at least 0.2 A. Remote KPV11 installations also 
require the optional remote signal cable (part no. 70-12754). Users 
requiring manual control of the LTC and desiring the display of dc 
power on/off status and processor run/halt status need the optional 
console panel, console bezel, and console signal/power cable. Mount- 
ing hardware for the console panel and remote installation must be 
provided by the user. 

Configuring LTC Jumpers 

LTC jumpers are located on the KPV1 1 module as shown in Figure 7 
and are factory-configured for programmable operation with the LKS 
(line clock status) register at address (177546) as shown in Figure 8. 
Normally, it will not be necessary to reconfigure LTC jumpers; how- 
ever, it is possible to alter LTC operation as listed in Table 1 and the 
LKS device address as shown in Figure 8 and listed in Table 2. 
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Figure 7 Jumper, Connector, Resistor, and Pad Locations 
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PREFERRED 

ADDRESS 

(177546) 



BANK 7 ADDRESS FIXED DECODED 

(BBS7 L ASSERTED) "6" BY 

ADDESS JUMPER *M W2 W3 W4 W5 W6 W7 W8 W9 WIO LOGIC 



IIIIIRIIRR FACTORY JUMPER CONFIGURATION 

I ■ INSTALLED ■ "1" 
R ■ REMOVED ■ "0" 



Figure 8 Device Address (LKS Register) Jumpers 



Table 1 LTC Jumpers 



Jumper Installed 



Removed 



W12 Enable manual control 

or continuous LTC 
interrupt request oper- 
ation. Do no install 
when W13 is installed. 

W13 * LTC interrupt re- 

quests can be enabled 
and disabled by pro- 
gram. Do not install 
when W12 is installed. 

W14 *Console (optional) 

LTC ON/OFF switch 
enabled. 

W15 *LTC signal occurs at 

the power line frequen- 
cy. 



'Disable continuous or manu- 
al operation. 



LTC interrupt requests cannot 
be program controlled. 



Console LTC ON/OFF switch 
disabled. 

LTC frequency is determined 
by an external source via EXT 
TIME REF etched pad on mod- 
ule. 



* Factory-jumpered configuration 
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Table 2 Standard Assignments 



Description Mnemonic Read/ First 

Write Module 
Address 

Register 

Line Clock Status LKS R/W 177546 

Vector 

None 

Installation in the LSI-11 Backplane 

The KPV11 module can be installed in any LSI-11 backplane. The 
KPV11 may be inserted into any option location when not used as a 
terminator. This option does not require the use of the daisy-chained 
grant signals (BIAK L and BDMG L) and is not priority dependent on 
device position in the backplane. 

When used as a terminator (KPV11-B and KPV11-C), the module is 
inserted after the last module in the last backplane. 

When the optional console panel is used with the terminator option 
and the RUN indicator is desired, the following must be performed. 

• Insert the KPV1 1 module in the last option location in the backplane 
system. 

• Connect a wire on the backplane from pin CH1 or AH1 on the KPV1 1 
module to the SRUN L signal on the processor module. The wire 
must not exceed the length of the LSI-11 bus. This signal is located 
on pin AH1 of the processor. 

Remote Installation 

The KPV11 option can be mounted in a remote location (not installed 
in a backplane), as desired. Mounting holes are provided in the mod- 
ule for this purpose. Mounting details (mechanical) are shown in Fig- 
ure 9. 

NOTE 

Program control of the LTC function and bus 
termination is not possible when remote installation 
is used. Hoever, manual control of the LTC function 
is available via the optional console panel. 

Electrical connection between the KPV11 option and the LSI-11 bus is 
made via a 10-pin connector (J1) on the KPV11 and a 10-pin connec- 
tor on the backplane (H9270 or DDV11-B) in which the processor is 
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installed. The optional signal cable (part no. 70-12754) provides the 
electrical connection between the two 10-pin connectors. 

The +5 Vdc and +12 Vdc voltage sense input must be provided by the 
user when the KPV1 1 option is not installed in an LSI-1 1 backplane. 
Etched pads are provided on the KPV1 1 module for this purpose and 
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are located as shown in Figure 7. Connect the +5V, +12V and GND 
pads to the respective LSI-1 1 backplane power terminals. 

If the optional console panel is to be used and the RUN indicator 
function is desired, a wire must be installed between the SRUN L pin 
(pin 3) on the 10-pin connector on the backplane and the processor 
module pin AH1. A wire is normally factory-installed for this purpose 
on all backplanes except DDV11-B backplanes. 

Power Sense Connections 

Three tabs on the KPV1 1 are provided for connecting the option to a 
24 Vac, center-tapped transformer. This 50 or 60 Hz input voltage 
produces the required dc operating voltages for the option, provides 
the 50 or 60 Hz reference for the LTC function, and is the power-fail 
monitor signal for the power signal sequence circuit. This voltage must 
be supplied by the user. A transformer can be connected as shown in 
Figure 7 for this purpose. When the KPV11 is used with a 50 Hz input 
voltage, resistors R35 and R54 must be removed for proper power-fail 
time to compensate for the change in frequency. The location of these 
resistors is shown in Figure 10. 



SWITCHED 
115VOC 
60 Hz 



. i 115Vac ,60Hz 

> TO SYSTEM POWER 
»J SUPPLY AND FANS 



TO KPV1 1 
24V0C INPUT 
TERMINALS 



(A) 115V CONNECTIONS (TYPICAL) 

m-i 230Vac,5OHz 

l TO SYSTEM POWER 
J SUPPLY AND FANS 



SWITCHED 
230VOC 
50Hz 



TO KPV11 
24 Vac INPUT 
TERMINALS 



(B) 230V CONNECTIONS (TYPICAL) 
* 1 AMP FAST BLOW FUSES ARE RECOMMENDED 



Figure 1 0 Power Line Monitor Transformer Installation 
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Installing Console Panel 

The optional console panel can be mounted as shown in Figure 11. 
Electrical connections between the KPV11 and the console panel are 
made via 16-pin dual-in-line integrated circuit sockets located on each 
assembly. The electrical connection between the sockets is made us- 
ing a signal/power cable (part no. 70-0861 2-OD). 




Figure 1 1 Console Panel Installation 
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In addition to the LTC ON/OFF and RUN/ENABLE switch functions, 
the console panel includes a DC ON/OFF switch. This switch, when in 
the OFF position, disables BDCOK H and BPOK H signal generation. If 
desired, this switch can also control the DC ON/OFF state of the user's 
power supply. This function is enabled by connecting the REMOTE DC 
ON/OFF and GND etched pads on the KPV11 module to an appropri- 
ate control circuit in the power supply. The signal thus produced is 
TTL-compatible and is capable of sinking 16 mA signal current in its 
logical low (DC ON) state. The logical high state is the DC OFF condi- 
tion. 

Using an External Reference 

The KPV11 normally uses the 50 or 60 Hz input (via the three power 
tabs on the module) for LTC signal generation. However, an external 
frequency source may be used for producing LTC signals at 
frequencies other than the power line frequency. An etched pad is 
provided for this purpose on the KPV11 module. First, cut or remove 
jumper W15; this jumper and the external clock (EX CL) pad are locat- 
ed as shown in Figure 7. Then, connect the external frequency source 
to the EX CL and GND pads. The frequency source must be TTL logic- 
compatible; the KPV1 1 presents three TTL loads to the source. 

Console Operation 

The console panel option controls and indicators are shown in Figure 
12 and described in Table 3. 




Figure 1 2 Console Panel Controls and Indicators 
(P/N 54-1 1808 and 70-1 1656 shown) 
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Table 3 Console Panel Controls and Indicators 



Control 

Indicator Type Function 



DC ON 



LED Indicator 



RUN 



Spare 

DC ON/OFF 



LED Indicator 



LED Indicator 

Two-position Toggle 
Switch 



Illuminates when the 
DC ON/OFF toggle 
switch is set to ON 
and proper dc output 
voltages are being 
produced by the 
user's power supply 
and sensed by the 
KPV11 option. 

If either the +5V or 
+ 1 2V output from the 
power supply is faul- 
ty, the DC ON indica- 
tor will not illuminate. 

Illuminates when the 
processor is in the 
run state (see EN- 
ABLE/HALT). 



When set to ON, en- 
ables dc outputs of 
the user's power sup- 
ply (if connected to 
this function— see in- 
structions for instal- 
ling the console pan- 
el). The DC ON indi- 
cator will illuminate if 
the dc output 
voltages are of prop- 
er values. 

When set to OFF, the 
power supply dc out- 
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Table 3 Console Panel Controls and Indicators (Cont) 



Control 

Indicator Type Function 



puts are disabled and 
the DC ON indicator 
is extinguished. 

ENABLE/HALT Two-position Toggle When set to ENABLE, 

Switch the BHALT L line to 

the processor is not 
asserted and the 
processor is in the 
run-enable mode 
(RUN indicator is illu- 
minated only when 
the processor is exe- 
cuting a program). 

When set to HALT, 
the BHALT L line is 
asserted. The proces- 
sor halts program ex- 
ecution and executes 
console ODT micro- 
code. The RUN indi- 
cator is extinguished. 

LTC ON/OFF Two-position Toggle When set to ON, en- 

Switch ables KPV1 1 option 

generation of LTC in- 
terrupts. When set to 
OFF, disables LTC in- 
terrupts (W14 must 
be installed). 

PROGRAMMING 

Power-down and Power-up Routines — Power-down and power-up 
routine examples for systems using core memory are provided in 
Figures 13 and 14. The power-down routine shown provides an order- 
ly power-down sequence of the system and saves the contents of the 
general-purpose registers along with the stack pointer and the Proc- 
essor Status Word. Other device registers which the user desires save 
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during power-down can be included through the use of the MOV @ 
NAME-(SP) instruction. 

The power-down routine is entered via the routine's starting address 
($PWRDN) in interrupt vector location 24; location 26 should contain 
200 8 to disable device interrupts during the power down sequence. 
The first MOV instruction temporarily replaces the power-down vector 
address with the address of a HALT instruction ($HLT). This prevents 
an erroneous power-up attempt during the power-down routine exe- 
cution. A sequence of MOV instructions then saves register contents 
on the stack. The second from the last MOV instruction, however, 
saves the SP in location $SAVR6, which is dedicated by the program 
for this purpose. It is the last register saved by the routine. The starting 
address ($PWRUP) for the power-up routine is then written into loca- 
tion 24, replacing the temporary $HLT address. Finally, the program 
halts and the power-down sequence is completed. 



$PWRDN: MOV #$HLT,@ #24 

MOV RO,— (SP) 

MOV R1,— (SP) 

MOV R2— (SP) 

MOV R3,— (SP) 

MOV R4— (SP) 

MOV R5— (SP) 

MOV ©NAME,— (SP) 



$HLT: 



$SAVR6: 



MOV SP,$SAVR6 
MOV #$PWRUP,@#24 

HALT 



WORDO 



DISABLE FALSE 
RESTART SEQUENCE 
PUSH RO ON STACK 
PUSH R1 ON STACK 
PUSH R2 ON STACK 
PUSH R3 ON STACK 
PUSH R4 ON STACK 
PUSH R5 ON STACK 
SAVE ANY 

NECESSARY DEVICE 
REGISTERS 



SAVE SP 

SET POWER-UP 

VECTOR 

POWER-DOWN 

SEQUENCE 

DONE, READY FOR 

POWER-UP 

SEQUENCE 

SP SAVED HERE 



Figure 13 Power-Down Routine Programming Example 
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$PWRUP: MOV #$ILLUP,@#24 

MOV $SAVR6,SP 
MOV (SP)+,@NAME 



SET FOR FAST DOWN 
GET SP 

RESTORE ANY DEVICE 
REGISTERS SAVED 



$PWRMG: 
$ILLUP: 



$POWER: 



MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 

TYPE 

WORD 

RTI 

HALT 



BR 



.ASCII 



(SP)+,R5 
(SP)+,R4 
(SP)+,R3 
(SP)+,R2 
(SP)+,R1 
(SP)+,R0 
#$PWRDN,@#24 



$POWER 



;POP STACK INTO R5 
;POP STACK INTO R4 
;POP STACK INTO R3 
;POP STACK INTO R2 
;POP STACK INTO R1 
;POP STACK INTO RO 
;SETUPTHEPOWER- 
;DOWN VECTOR 
;REPORT THE POWER 
;FAILURE 

; POWER FAIL MESSAGE 
;POINTER 
;THE POWER-UP 
;SEQUENCEWAS 
;STARTED 
.2 ;BEFORE THE POWER- 

;DOWN 

;WAS COMPLETE 
<15><12>"POWER" 



Figure 14 Power-Up Routine Programming Example 



When power is restored, the power-up routine is entered via the rou- 
tine's starting address ($PWRUP) in interrupt vector location 24. The 
power-up routine shown in Figure 14 uses the $HLT and $SAVR6 
locations shown in the power-down routine for disabling false power- 
down sequences and restoring the stack pointer, respectively. The 
first two MOV instructions reference those locations. A sequence of 
MOV instructions that follow restore device and processor registers, 
respectively. The last MOV instruction writes the starting address 
($PWRDN) for the power-fail routine in location 24, replacing the tem- 
porary $HLT address. Finally, the RTI instruction pops the PC and PS 
of the program where the power-down sequence occurs from the 
stack and normal program execution is restored. 
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Programming the LTC — The LTC function normally divides time into 
16-2/3 ms or 20 ms intervals determined by the line frequency source 
(60 Hz or 50 Hz, respectively). It is possible to disable the line frequen- 
cy source and use an external frequency source (user-supplied). The 
program communicates with the LTC function via the LKS register 
(Figure 15) contained in the KPV11 logic circuits. The LKS register's 
device address is normally configured to 177546 for system software 
compatibility. 



LKS (177546) 



INTERRUPT ENABLE 
1 ■ ENABLE 
O-DISABLE 
(READ / WRITE BIT) 

- MONITOR 

SET TO "1" BY LINE FREQUENCY CLOCK 
SIGNAL. CLEARED BY PROGRAM. 
(READ/WRITE [CLEAR-ONLY] BIT) 



Figure 1 5 Line-Time Clock Status Register (LKS) 



LTC interrupts, when enabled (LKS bit 6 = 1), occur as an interrupt 
request (bus low assertion) on the BEVNT L signal line. This causes 
the processor to execute a service routine via vector address 100. 
Memory location 100 must contain the PC (starting address) for the 
LTC service routine; similarly, memory location 102 must contain the 
PS (processor status word) for the service routine. As with all "exter- 
nal" interrupts, the processor will recognize the LTC interrupt request 
only when current PS bit 7 is cleared. When PS bit 7 = 1, external 
interrupts, including the LTC interrupt, are ignored. The LTC interrupt 
has highest priority of all external interrupts and does not require a 
vector address bus transfer. An interrupt request via the BEVNT L bus 
signal line, as previously stated, always results in access to the service 
routine via vector address 1 00. 

The KPV1 1 is factory-configured for programmable operation as de- 
scribed above. If the user's hardware configuration also includes the 
optional console panel, the operator can disable or enable the LTC 
function by setting the LTC ON/OFF switch to the desired position. 
When set to the OFF position, the LC switch overrides program control 
and LTC operation is disabled. W14 must be installed for this function. 
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KWV11-A PROGRAMMABLE REAL-TIME CLOCK 
GENERAL 

The KWV11-A is a programmable clock/counter that provides a varie- 
ty of means for determining time intervals or counting events. It can be 
used to generate interrupts to the processor at predetermined inter- 
vals, or to synchronize the processor ratios between input and output 
events. It can also be used to start the A0V11-A analog-to-digital 
converter either by clock counter overflow or by the firing of a Schmitt 
trigger. 

The clock counter has a resolution of 16 bits and can be driven from 
any of five internal crystal-controlled frequencies (100 Hz to 1 MHz), 
from a line frequency input or from a Schmitt trigger fired by an exter- 
nal input. The KWV11-A can be operated in any of four programmable 
modes: single interval, repeated interval, external event timing, and 
external event timing from zero base. 

The KWV11-A includes two Schmitt triggers, each with integral slope 
and level controls. The Schmitt triggers permit the user to start the 
clock, initiate A/D conversions, or generate program interrupts in re- 
sponse to external events. 

FEATURES 

• Resolution of 16 bits 

• Can be driven by an external input or from any of five internal 
frequencies 

• Four programmable modes 

• Slope and reference signal level selection switches 

• Can be used to start the ADV1 1 -A analog-to-digital converter. 
SPECIFICATIONS 

Identification M7952 

Size Quad 

Power +5 Vdc ±5% at 1 .75 A 



+12Vdc ±3% at 0.01 A 



Bus Loads 
AC 
DC 

Operational 
Clock 
Accuracy 
Range 



3.4 



0.01% 



Base frequency (10 MHz) divided 
into five selectable rates (1 MHz, 
100 kHz, 10 kHz, 1 kHz, 100 Hz); 
line frequency; Schmitt trigger 1 
input 
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Input Signals 

ST1 IN (Schmitt Trigger 1 1nput) 
Input Range 
m(maximum limits) 

Assertion Level 



Origin 

Response Time 

Hysteresis 

Characteristics 

ST2 IN (Schmitt Trigger 2 Input) 
Same description as ST1 IN 

Output Signals 
CLK OV (Clock Overflow) 
Asserted Level 

Destination 

Duration 

Characteristics 



-3V to +30V 

Depends upon position of slope 
reference selector switch and lev- 
el control; triggering range = 
-12Vto+12V 

User device 

Depends on input waveform and 
amplitude; typically 600 ns with 
TTL logic input 

Approximately 0.5V, positive and 
negative 

Single-ended input; 100 Kfl im- 
pedance to ground 



Low 

User device or ADV1 1 -A 

Approximately 500 ns 

TTL open-collector driver with 
470 fl pull-up to +5V 

Maximum source current from 
output through load to ground 
when output is high (>2.4V): 5 
mA 

Maximum sink current from ex- 
ternal source voltage through 
load to output when output is low 
(^0.8V):8mA 



ST1 Out (Schmitt Trigger 1 Output) 
Same description as CLK OV 

ST2 Out (Schmitt Trigger 2 Output) 
Same description as CLK OV 
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Figure 1 KWV1 1 -A Real-Time Clock Block Diagram 
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The logic associated with the bus control block maintains proper com- 
munications protocol between the processor bus and the KWV11-A. 
This logic generates and monitors the bus signals involved during 
interrupts and data transfers between the processor and the KWV11- 
A. It permits the KWV1 1-A to recognize when it is being addressed by 
the processor (address defined by the address switch pack), to pre- 
scribe the location in memory pointing to the starting addresses of 
interrupt service routines (by means of the vector switch pack), to 
input control data from the processor, and to output data to the proc- 
essor. 

Interrupts can be enabled for both counter overflow and operation of 
ST2. Since each of these conditions raises a flag bit in the con- 
trol/status register, and since separate interrupt vectors exist for each 
condition, the conditions may be distinguished either by vectors or by 
testing flag bits. 

Control/Status Register 

The control /status register (CSR) provides a means for the processor 
to control the operating of the KWV11-A and to derive information 
about its operation condition. Bits are provided for enabling 
interrupts, mode selection, maintenance operations, starting the 
counter, and overflow and Schmitt trigger event monitoring. 

Mode Control 

Logic circuitry associated with the mode control block permits 
KWV11-A operation in four different modes as specified by bits 2-1 of 
the CSR. 

Mode 0 (Single Interval) — When the GO bit is set in this mode either 
by the processor or by a Schmitt trigger 2 event, the counter is loaded 
from the buffer/preset register (which has previously been loaded with 
the 2's complement of the number of counts desired before overflow). 
Once loaded, the counter will increment at the selected rate until it 
overflows. Overflow clears the GO bit, sets the Overflow flag, and 
interrupts the processor if that function has been enabled. If interrupt 
has not been enabled, the KWV1 1-A waits for processor intervention. 

Mode 1 (Repeated Interval) — When the GO bit is set in this mode, 
the counter is loaded from the buffer/preset register (BPR) and is then 
incremented to overflow as for mode 0. In mode 1, however, overflow 
does not clear the GO bit; instead, it causes the counter to be reloaded 
from the BPR, raises the Overflow flag, initiates an interrupt sequence 
if the CSR Interrupt on Overflow bit is set, and causes the count to be 
continued with no loss of data. 
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Mode 2 (External Event Timing) — When the GO bit is set in this 
mode, the counter is set to 0 and then incremented at the selected rate 
as long as the GO bit remains set. An external signal to Schmitt trigger 
2 (ST2) causes the current contents of the counter to be loaded into 
the BPR while the counter continues to run. At the same time, the ST2 
flag is set and, if Interrupt 2 is enabled, an interrupt is generated, thus 
permitting the program to read the value held in the BPR. 

The counter continues to run after the ST2 event and also continues to 
run after overflow. Interrupt on Overflow may be enabled to alert the 
program to the overflow condition. 

Mode 3 (External Event Timing from Zero Base) — Operation in 
mode 3 is identical to that in mode 2 except that the counter is zeroed 
each time an ST2 event loads its contents into the BPR. 

Flag Overrun — In all modes, if a second overflow occurs before the 
Overflow flag is reset (i.e., before a prior event is serviced by the 
processor), or if ST2 fires when the ST2 flag is already set, the Flag 
Overrun bit is set. 

Oscillator, Divider, Rate Control Chain 

The circuitry associated with these blocks provides the time base that 
is fed to the counter. The KWV11-A permits eight clock conditions to 
be specified by bits 5-3 of the CSR: STOP, 1 MHz, 100 kHz, 10 kHz, 1 
kHz, 100 Hz, an external time base applied to ST1, and line frequency 
(50 or 60 Hz) picked up from bus line BEVNT. External periodic or 
aperiodic pulses may be applied to ST1 and counted. 

Buffer/Preset and Counter Registers 

The buffer/preset register is a word-oriented, 16-bit read/write regis- 
ter that can be loaded either under program control or from the count- 
er. In modes 2 and 3, the firing of ST2 causes the BPR to be loaded 
with the contents of the counter. The BPR cannot be loaded by the 
program in these modes as long as the GO bit is set. 

The counter is a 16-bit internal register accessible only by way of the 
BPR; in modes 2 and 3 it can be read indirectly through the BPR. 

Schmitt Triggers 

Both Schmitt triggers are equipped with switches to permit selecting 
slope direction (+ or -) and threshold reference level (TTL or -12V to 
+ 12V continously variable). Each Schmitt trigger is also equipped with 
a screwdriver-operated potentiometer to permit setting the variable 
threshold level. Switch pack and potentiometer terminals are all 
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brought to multiple connector J1 to permit attachment of external 
user-provided slope and level controls. 

The two Schmitt triggers are used in somewhat different ways. 

ST1 — Performs as an external time base input or external input for 
aperiodic signals to be counted. Outputs both to ST1 Faston connec- 
tor to provide external start signals to ADV11-A and, through rate 
control circuitry, to permit selection as input to the counter. Maximum 
frequency varies as a function of input waveform. 

ST2 — When the ST2 GO Enable bit is set, firing ST2 in any mode sets 
the GO bit and initiates counter action, causes the ST2 flag to be 
asserted, and generates an interrupt if that function is enabled. When 
the GO bit is set in modes 2 and 3, firing ST2 causes the buffer/preset 
register to be loaded from the counter, the ST2 flag to be set, and an 
interrupt to be generated if enabled. 

CONFIGURATION 

The following paragraphs describe the procedure for device and inter- 
rupt vector address selection, slope and reference level selection, 
user connections, and programming. (Refer to the ADV11-A when 
using the KWV1 1 -A with that module.) 

Device Address Selection 

The KWV1 1-A contains two device registers that can be addressed by 
the processor. These registers are the control/status register (CSR) 
and buffer/preset register (BPR). The BPR's address is always equal 
to the CSR address plus two. Thus, only the CSR address is config- 
ured by the user, as shown in Table 1 . 



Table 1 Standard Assignments 



Description 



Mnemonic 



Read/ 
Write 



First 

Module 

Address 



Register 

Control/Status 
Buffer/Preset 



CSR 
BPR 



R/W 
R/W 



170420 
170422 



Interrupts 

Clock Overflow 
Schmitt Trigger 2 



CLKOV 
ST2 



440 
444 
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Switch pack S1 (Figure 2) contains 10 switches; each corresponds to 
an address bit as shown in Figure 3. The ON positions select a logical 1 
bit address; similarly, the OFF positions select logical 0s. The CSR 
address can be configured for any address ranging from 17000 to 
17777r, with the least significant octal digit configured for 0 or 4. The 
recommended KWV11-A CSR address is 170420; S1 is shown config- 
ured for this address in Figure 2. Note that the BPR address, based on 
the recommended CSR address, is 170422. 

Interrupt Vector Selection 

The KWV11-A can interrupt the processor for clock overflow and 
Schmitt trigger 2 (ST2) services. Thus, two interrupt vectors are pro- 
duced by the KWV11-A. Switch pack S3 (Figure 4) selects the vector 
for the clock overflow interrupts; the ST2 interrupt vector is always 
equal to the clock overflow interrupt vector plus four. S3 contains 
seven switches (one not used) that correspond to vector bits (03:08), 
as shown in Figure 4. Configure the desired clock overflow interrupt 
vector shown in the figure. The recommended address is 000440. 



i)R18 
&R13 



GO 



3IT II SI 



ADDRESS BITS S3. 

SWITCHES 



Figure 2 KWV1 1 -A Connectors, Switches, and Controls 
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1 


0 


0 


0 


1 


0 


0 


0 


0 


STANDARD ADDRESS 

CONFIGURATION 

(170420) 


1 

OFF 


OFF 

1 


OFF 

1 


ON 

I 


OFF 

1 


1 

OFF 

1 


1 

OFF 

1 


1 

ON 

1 


OFF 

I 


OFF 

1 










ADDRESS 
SWITCH (SI) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 







BDAL BIT 
POSITION 



Figure 3 KWV1 1 -A CSR Address Switches 



IB 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



1 0 0 1 0 0 0 0 0 



STANDARD VECTOR 

CONFIGURATION ON OFF OFF ON OFF OFF 
(440) 



VECTOR 
SWITCH (S3) 



nun 



5 6 7 



Figure 4 KWV1 1-A Vector Address Switches 



Slope and Reference Level Selection 

Slope and reference level switches and controls are shown in Figures 
2 and 5. Two reference modes are selectable for each Sen mitt trig- 
ger—one that picks a fixed level appropriate to TTL logic, and one that 
picks a variable level that permits setting the ST threshold to any point 
between -12V and +12V. 



TTL REFERENCE 



VARIABLE REFERENCE 



I 



BOARD HANDLE 



ST LEVEL 1 



ST LEVEL 2 



ST SLOPE 1 IJI-T) 

ST SLOPE 2(JI-R) BOARD FINGERS 
NOT USED I 



Figure 5 KWV11-A Slope/Reference Level Selector Switches and 

Controls 
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Slope selection is accomplished by separate switches for ST1 and 
ST2, respectively. When the related switch is on, the firing point effec- 
tively occurs on the positive slope of the input waveform. When the 
switch is off, the firing point occurs on the negative slope. R18 or R19 
is used to set the level of the reference. Typical slope selection is 
shown in Figure 6. 

NOTE 

Users should take care that both TTL and variable 
switches for either Schmitt trigger are not on simul- 
taneously. This condition will not damage 
components, but produces unpredictable reference 
levels. Note also that if no signal is connected to a 
Schmitt trigger input, both threshold switches for 
that ST should be open for noise immunity. Alterna- 
tively, ST1 IN and ST2 IN can be grounded external- 
ly- 



INPUT WAVEFORM 




SELECTED TRIGGER 
LEVEL (R180R 19) 



OUTPUT U 

— ll— 500ns 
NOTE: 

ST IS RETRIGGERED ONLY AFTER INPUT WAVEFORM 
HAS MOVED BEYOND OPPOSITE THRESHOLD AND 
THEN AGAIN PASSED SELECTED THRESHOLD. 



POSITIVE GOING THRESHOLD 



NEGATIVE-GOING THRESHOLD 



(a) SLOPE SELECTION: SLOPE SWITCH ON (POSITIVE SLOPEI 




—I I— 500ns -J I— 500ns 



NOTE: 

ST IS RETRIGGERED ONLY AFTER INPUT WAVEFORM 
HAS MOVED BEYOND OPPOSITE THRESHOLD AND 
THEN AGAIN IS PASSED SELECTED THRESHOLD. 

(bl SLOPE SELECTION: SLOPE SWITCH OFF (NEGATIVE SLOPE) 



Figure 6 KWV1 1 -A Slope Selection 
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Register Format 

CSR Bit Assignments — CSR bit assignments are identified in Figure 
7 and defined in Table 2. 



Figure 7 CSR Bit Assignments 
Table 2 KWV1 1 -A CSR Bit Definitions 



Bit/CSR Name 



Set By/Cleared By Remarks 



15/ST2 Flag 
Read/write to 0 



14/INT2 
(Interrupt 
on ST2) 

Read /write 



Set by the firing of 
Schmitt trigger 2 or 
the setting of the 
MAINT ST2 bit in any 
mode while the GO 
bit or the ST2 Go En- 
able bit is set. 
Cleared under pro- 
gram control. Also 
cleared at the "1 "-go- 
ing transition of the 
GO bit unless the ST2 
Go Enable bit has 
previously been set. 

Set, and cleared un- 
der program control. 



Must be cleared after 
servicing an ST2 in- 
terrupt to enable fur- 
ther interrupts. When 
cleared, any pending 
ST2 interrupt request 
will be cancelled. If 
enabled interrupts 
are requested at the 
same time by bits 7 
and 15, bit 7 has the 
higher priority. 



When set, the asser- 
tion of ST2 Flag will 
cause an interrupt. If 
set while ST2 Flag is 
set, an interrupt is ini- 
tiated. When cleared, 
any pending ST2 in- 
terrupt request will be 
cancelled. 
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Table 2 KWV1 1 -A CSR Bit Definitions (Cont) 



Bit/CSR Name 



Set By/Cleared By Remarks 



13/ST2 Go Enable 
Read/write 



12/FOR 
(Flag Overrun) 

Read /write 



11/DIO 

(Disable Internal 
Oscillator) 

Read /write 



10/MAINTOSC 
Write-only 



9/MAINT ST2 
Write-only 



Set and cleared un- 
der program control. 
Also cleared at the 
"1 "-going transition 
of the GO bit. 

Set when an overflow 
occurs and the Over- 
flow flag is still set 
from a previous oc- 
currence, or when 
ST2 fires and the ST2 
flag is already set. 
Cleared under pro- 
gram control and at 
the "1 "-going transi- 
tion of the GO bit. 

Set and cleared un- 
der program control. 



Set under program 
control. Clearing is 
not required. Always 
read as a 0. 



Set under program 
control. Clearing is 
not required. Always 
read as a 0. 



When set, the asser- 
tion of ST2 flag will 
set the GO bit and 
clear the ST2 Go En- 
able bit. 

This bit provides the 
programmer with an 
indication that the 
hardware is being 
asked to operate at a 
speed higher than is 
compatible with the 
software. 



For maintenance pur- 
poses, this bit inhibits 
the internal crystal 
oscillator from incre- 
menting the clock 
counter. Used in con- 
junction with bit 10. 

Setting this bit simu- 
lates the firing of 
Schmitt trigger 2. All 
functions initiated by 
ST2 can be exercised 
under program con- 
trol by using this bit. 
Setting this bit simu- 
lates the firing of 
Schmitt trigger 2. All 
functions initiated by 
ST2 can be exercised 
under program con- 
trol by using this bit. 
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Table 2 KWV11-A CSR Bit Definitions (Cont) 



Bit/CSR Name Set By/Cleared By Remarks 



8/MAINT ST1 
Write-only 



7/OVFLO FLAG 
Read/write to 0 



6/INTOV 

(Interrupt on Over- 
flow) 

Read/write 



Set under program 
control. Clearing is 
not required. Always 
read as a 0. 



Set each time the 
counter overflows. 
Cleared under pro- 
gram control and at 
the "1 "-going transi- 
tion of the GO bit. 



Set and cleared un- 
der program control. 



Setting this bit simu- 
lates the firing of ST1 . 
All functions initiated 
by ST1 can be ex- 
ercised under pro- 
gram control by using 
this bit. 

If bit 6 is set, bit 7 will 
initiate an interrupt. 
Bit 7 must be cleared 
after the interrupt has 
been serviced to en- 
able further overflow 
interrupts. If cleared 
while an overflow in- 
terrupt request to the 
processor is pending, 
the request is can- 
celled. If enabled in- 
terrupts are request- 
ed at the same time 
by bits 7 and 15, bit 7 
has the higher priori- 
ty. 

When this bit is set, 
the assertion of 
OVFLO FLAG will 
generate an interrupt. 
Interrupt is also gen- 
erated if bit 6 is set 
while OVFLO FLAG is 
set. If cleared while 
an overflow interrupt 
request to the proc- 
essor is pending, the 
request is cancelled. 
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Table 2 KWV1 1 -A CSR Bit Definitions (Cont) 



Bit/CSR Name Set By/Cleared By Remarks 



5-3/RATE 
Read/write 



Set and cleared un- 
der program control. 



2-1/MODE 
Read/write 



0/GO 

Read/write 



Set and cleared un- 
der program control. 



Set and cleared un- 
der program control. 
Also cleared when 
the counter overflows 
in modeO. 



These bits select 
clock counting rate or 
source. 



543 

000 
001 
010 
01 1 
100 
101 
1 1 0 

1 1 1 



Rate 

STOP 
1 MHz 
100 kHz 
10 kHz 
1 kHz 
100 Hz 
ST1 

Line (50/60 Hz) 



Function 21 

ModeO: 0 0 
Model: 01 
Mode 2: 1 0 
Mode 3: 1 1 

Setting this bit initi- 
ates counter action as 
determined by the 
rate and mode bits. In 
modes 1,2, and 3 it 
remains set until 
cleared. In mode 0 it 
clears itself when 
counter overflow oc- 
curs. Clearing bit 0 
clears and inhibits the 
counter. 



Buffer/Preset Register (BPR) — The BPR is a 16-bit, word-oriented, 
read/write register. Any attempt to write a byte into this register will 
result in a whole word being written. In modes 0 and 1, the program 
may load it with the 2's complement of the number of counts desired 
before overflow. In modes 2 and 3, it permits indirect reading of the 
clock counter. 
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Normal Control Sequences — Mode 0 (Single Interval) 

Control code for operation in mode 0 must support the following se- 



1. The control program writes the desired count (2's complement) 
into theBPR. 

2. The program writes the control code into the control/status regis- 
ter as indicated in Table 3. 

3. If the GO bit is set high, KWV11-A responds by loading the 16-bit 
counter from the BPR and enabling the counter; if the GO bit is set 
low and the ST2 Go Enable bit is set high, KWV11-A waits for an 
ST2 event, then sets the GO bit and loads and enables the count- 
er. 

4. The counter increments until overflow, then halts (GO bit is 
cleared). 

5. KWV11-A raises the Overflow flag and issues an interrupt if the 
CSR INT OV bit is set; if the interrupt is not enabled, KWV11-A 
waits for program intervention. 

6. The program responds to the interrupt or intervenes in conse- 
quence of other criteria (e.g., testing the Overflow flag or the A/D 
Done flag if overflow was used to start an A/D conversion). The 
program reads the CSR, clears the Overflow flag, and if no count- 
ing or mode changes are required, sets the GO bit or the ST2 GO 
ENABLE bit to re-enter the sequence at step 3. 



Table 3 CSR Bit Settings for Mode 0, Single Interval 



quence: 



Bit No. 



CSR 
Name 



Bit Condition 
as Written by 
Processor 



Remarks 



15 



ST2 FLG 



0 



Will be set to 1 on ST2 



event. Cleared by leading 
edge of GO bit assertion 
except when ST2 GO ENA 
has previously been set. 



14 



INT 2 



x 



Set to 1 by program if in- 
terrupt on ST2 event is 
desired. 
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Table 3 CSR Bit Settings for Mode 0, Single Interval (Cont) 



Bit No 


CSR 

Mamp 


Bit Condition 
as Written by 

Prncf»4Qor 

■ 1 WW vOvvl 


Remarks 


13 


ST2 GO 


X 


Set to 1 by program if GO 




ENA 




is to be set by external 








signal to ST2. Cleared by 








leading edge of GO bit as- 








sertion. 


12 


FOR 


(0) 


Will be set to 1 by counter 


1 1 
i i 


DIO 


n 


oworf Iova/ Alu/swc rlaaraH 
uvtsriiuw. nlWdyo l/l6ai6U 


10 


MAINT 


0 


by leading edge of GO bit 




OSC 




assertion. 


9 


MAINT ST2 


0 




8 


MAINT ST1 


0 




7 


OVFLO 


(0) 






FLG 






6 


INTOV 


X 


Set to 1 by program for in- 



terrupt on counter over- 
flow. 

x 

x See Table 2. 

x Set by program too. 

^ Set by program to 0. 

x Set by program to 1 un- 

less ST2 GO ENA is set; 
remains 1 until written to 0 
by program. Cleared 
when counter overflows. 



X = 0 or 1 , depending on user requirements. 
(0) = Automatically cleared by GO bit assertion. 



5 RATE 2 

4 RATE 1 

3 RATE 0 

2 MODE 1 

1 MODE0 

0 GO 
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Mode 1 (Repeated Interval) 

Control code for operation in mode 1 must support the following se- 



1. The control program writes the desired count (2's complement) 
into the BPR. 

2. The program writes the control code into the CSR as indicated in 
Table 4. 

3. If the GO bit is set high, KWV11-A responds by loading the 16-bit 
counter from the BPR and enabling the counter; if the GO bit is set 
low and the ST2 GO ENABLE bit is set high, KWV11-A waits for 
ST2 event, then sets the GO bit and loads and enables the count- 
er. 

4. The counter increments until overflow. 

5. KWV11-A reloads the counter from the BPR, re-enables the 
counter, raises the Overflow flag in the CSR, and issues an inter- 
rupt to the processor if interrupt is enabled. 

6. If a second overflow occurs before the first is serviced (i.e., if 
Overflow flag is still high when next overflow occurs), the KWV1 1- 
A Flag Overrun (FOR) bit in the CSR is set high to alert the pro- 
gram that data has been lost. 

7. The program responds to the interrupt or intervenes in conse- 
quence of other criteria. The program reads the CSR, clears the 
Overflow flag, and if no counting or mode changes are required, 
sets the GO bit or the ST2 Go Enable bit to re-enter the sequence 
at step 3. 

Table 4 CSR Bit Settings for Mode 1 , Repeated Interval 



quence: 



Bit No. 



CSR 
Name 



Bit Condition 
as Written by 
Processor 



Remarks 



15 



ST2 FLG 



0 



Will be set to 1 on ST2 



event. Cleared by leading 
edge of GO bit assertion 
except when ST2 GO ENA 
has previously been set. 



14 



INT 2 



x 



Set to 1 by program if in- 
terrupt on ST2 event is 
desired. 
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Table 4 CSR Bit Settings for Mode 1 , Repeated Interval (Com) 







Bit Condition 






CSR 


as Written by 




Bit No. 


Name 


Processor 


Remarks 


13 


ST2GO 


X 


Set to 1 by program if GO 




ENA 




is to be set by external 








signal to ST2. Cleared by 








leading edge of GO bit as- 








sertion. 


12 


FOR 


(0) 


Will be set to 1 by counter 


11 


DIO 


0 


overflow. Always cleared 


10 


MAINT 


o 


by leading edge of GO bit 




OSC 




assertion. 


9 


MAINT ST2 


0 




8 


MAINT ST1 


0 




7 


OVFLO 


(0) 






FLG 






6 


INT OV 


X 


Set to 1 by program for in- 








terrupt on counter over- 








flow. 


5 


RATE 2 


X 




4 


RATE 1 


X 


See Table 2. 


3 


RATE 0 


X 


Set by program to 1 . 


2 


MODE 1 


0 


1 


MODE0 


1 




0 


GO 


X 


Same as for Mode 0, ex- 






cept that bit is not cleared 








when counter overflows. 



X = 0 or 1, depending on user requirements. 
(0) = Automatically cleared by GO bit assertion. 



Mode 2 (External Event Timing) 

Control code for operation in mode 2 must support the following se- 
quence: 

1. The program writes the control code into the CSR as indicated in 
Table 5. 

2. KWV11-A responds by incrementing the counter (cleared when 
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the GO bit was cleared) at the selected rate until the GO bit is set 
too. 

3. ST2 pulse loads the current counter contents into the BPR, sets 
the ST2 flag, and generates an interrupt if INT 2 is enabled. 

4. Overflow sets OVFLO FLG high and. if INT OV bit is high, 
generates an interrupt. 

5. The counter continues to increment until the processor sets the 
GO bit to 0. 

Normally, the program enables the INT 2 and/or INT OV bits, permit- 
ting the processor to synchronize its operations with the external ST2 
events and prevent loss of data by reinitializing the process after step 
4. 



Table 5 CSR Bit Settings for Mode 2, External Event Timing 



Bit Condition 
CSR as Written by 

Bit No. Name Processor Remarks 



15 



ST2 FLG 



14 


INT 2 


X 


13 


ST2GO 


X 




ENA 




12 


FOR 


(0) 


11 


DIO 


0 


10 


MAINT 


0 




OSC 




9 


MAINT ST2 


0 


8 


MAINT ST1 


0 



Will be set to 1 on ST2 
event. Cleared by leading 
edge of GO bit assertion 
except when ST2 GO ENA 
has previously been set. 

Set to 1 by program if in- 
terrupt on ST2 event is 
desired. 

Set to 1 by program if GO 
is to be set by external 
signal to ST2. Cleared by 
leading edge of GO bit as- 
sertion. 
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Table 5 CSR Bit Settings for Mode 2, External Event Timing (Cont) 



Bit Condition 
CSR as Written by 

Bit No. Name Processor Remarks 



7 OVFLO (0) 
FLG 

6 INTOV x 

5 RATE 2 x 

4 RATE 1 X 

3 RATE 0 x 

2 MODE 1 1 

1 MODE0 0 

0 GO x 



Will be set to 1 by counter 
overflow. Always cleared 
by leading edge of GO bit 
assertion. 

Set to 1 by program for in- 
terrupt on counter over- 
flow. 

See Table 2. 

Set by program to 2. 



Set by program to 1 un- 
less ST2 GO ENA is set; 
remains 1 until written to 0 
by program. Cleared 
when counter overflows. 



X = 0 or 1, depending on user requirements. 
(0) = Automatically cleared by GO bit assertion. 

Mode 3 (External Event Timing from Zero Base) 

Operation is identical to that in mode 2 except that the counter is 
cleared after the ST2 pulse. The counter continues to increment until 
the GO bit is set to 0. 

Note that the interval between two ST2 events may be measured 
directly in mode 2 or 3 with processor assistance if the CSR ST2 Go 
Enable and interrupt 2 bits are set before the first event and the GO bit 
is left clear. Under these conditions, the first ST2 event will set the GO 
bit (and thus start the counting process) and simultaneously issue an 
interrupt. If the interrupt service routine now clears the ST2 flag bit, the 
next ST2 event will cause the BPR to be loaded from the counter in the 
normal mode 2 fashion. The choice of mode 2 or mode 3 for such 
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measurements will depend on whether or not an on-going accumula- 
tion of time after the second event is required by the application. If 
such an accumulation is necessary, mode 2 is appropriate since the 
counter is not cleared after ST2 events. 

User Connections 

A 40-pin type 854 connector (J1) is provided on the KWV1 1-A for user 
connections as shown in Figure 8. This connector will mate with an 
H856 connector. External user-supplied slope and level controls can 
be interfaced via this connector as shown in Figure 9. J1 can be con- 
nected to the optional H322 distribution panel for convenient user 
access, via an optional BC08R cable. 




Figure 8 J 1 40-Pin Connector Pin Assignments 
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ON 
OFF 




NN OR PP 
(BOTH ARE GNO ) 



NOTE 

For proper operation of external level controls, both R18 and R19 
on KWVII-A board must be set to approximate mid -point of 
rotation, and the S2 switches must be set as shown. 



Figure 9 Connecting External User-Supplied Slope and Level 

Controls 



In addition, two tabs (CLK and ST1) are located on the module as 
shown in Figure 2. These tabs are electrically connected to J1 pins RR 
(CLK OV L) and UU (ST1 OUT L); the tabs may be used to connect the 
KWV11-A functions to ADV11-A TAB S (external start) and TAB C 
(clock overflow), respectively, in an ADV11-A. Optional jumpers (DEC 
part no. 70-10771) are available for this purpose. 
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PROGRAMMING 

Record the point in double-precision timeframe for each S12 event 
following GO. The program makes use of a 32-bit counter, the low- 
order bits of which are taken directly from the KWV11-A (KWBPR) and 
the high-order bits of which are taken from a software counter (HICNT) 
that is incremented with each KWBPR overflow. 



MTPS 

eov 



f.ov 

MOV 



• 0 

• ST2SP V i 9ST2VEC 
•200, 95T2PS* 

•UVSPV, 9UVVEC 

• 200, »0VPSW 



ICLSAF P5W 

I LOAD ST2 VECTOR 

|ADUP 

|SET UP PSW FOR SIS 
lINlERRUPT (DISABLE 
| ALL SUBSEQUENT 
I INTERRUPTS) 
I LOAD OV VECTOR 
t ADOR 

|SEI UP PSW FOR OV 
lINiERPUPT (DISABLE 
I ALL SUBSEQUENT 
f 1MERRUPTS) 



CL«GU| 

cujm; 



UvSHV • 



* A I I 

Bll 
BEG 
J«P 

BIT 
btlj 
TST 
bPL 
"••OV 
"UV 
BIC 



•eUFFEH, HO 
• 40 J 15,9K«C5P 



• 1 0000, *MC5P 
CUUNT 
FURSRV 

• 1 nO:ji)0,9KWCSK 
2S 

p K a b P R 
2f 

HlCt-T, lt><-) + 
9MBPR, (P0)t 

• I ;«<.'"0'J , BK^CSH 



l&EI UP POINTER TU 

I BEGINNING OF 

I BUFFER AREA 

(DEPOSIT 1WHZ, MOUE 2, 

I INT l.'V ED, INT ST2 EN, 

|ANU GO IMO K*CSK 

|FOH IMTEPRUPT 

|UY OVFLO OP ST2 

|IS iQH BIT SET? 

fNO, CONTINUE 

(JtS, SERVICE FLAG 

IliVLRRUi. CONDITION 

I IS S12 FLAG SET? 

|N0, CONTINUE 

IDIU ST2 OCCUR BEf ORE CIV? 

MO, BRANCH 

|IE&, SERVICE ST2 FIRST 

|ACRNO*LEDGt ST2 
|OCCURRtNCE 
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LAV11 PRINTER OPTION 



SPECIFICATIONS 

Identification 



M7949 



Size 



Double 



Power 



+5 V ±5% at 0.8 A 



Bus Loads 
AC 
DC 



1.8 
1 



CONFIGURATION 

The LAV1 1 interface module is shipped from the factory with jumpers 
and switches configured for standard (Digital Equipment Corporation 
software-compatible) device and interrupt vector assignments. It is 
normally not necessary for the user to configure the address or vector 
switches unless special device addresses or interrupt vectors are de- 
sired. The factory-installed jumpers and switches are shown in Figure 
1. The jumpers can be removed by carefully cutting each end close to 
the printed circuit board. Table 1 lists the special jumpers and the 
associated function they control when the jumper is installed on the 
interface. 
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ri 



11-4146 



Figure 1 LAV1 1 Switch and Jumper Locations 
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Table 1 Special Jumpers 



Shipped 

Jumper Condition* Function if Inserted 



W1 I Transmit parity on line 

W2 I +5 Vdc sense from LA1 80 

W3 R +5 Vdc sense from LAV11 

W4 R DEMAND is asserted low 

W5 I DEMAND is asserted high 

WG R P STROBE is asserted low 

W7 I P STROBE is asserted high 



* I ~ inserted, R = removed 
Dewics Address 

The device address is selected by setting switches 1 to 5 in switch 
banks 2 and 3 to the standard address (Table 2). The LAV11 has a 
factory-set standard address of 177514 for the device control/status 
register. The data buffer register (DBR) is always set at the next ad- 
dress following the GSR address. The standard address for the DSR is 
177516. If more than one LAV11 option is installed in the system, or if 
special device addresses are desired, set the switches (one for each 
GSR address bit) as directed in Figure 2. 
Interrupt Vector 

The interrupt vector is selected by setting switches 1 through 8 in the 
switch bank to the standard vector. The LAV1 1 module has a factory- 
set standard interrupt vector of 200 8 . If more than one LAV1 1 option is 
installed in the system or if a special interrupt vector is desired, set the 
switches (one for each vector address bit) as directed in Figure 3. 

Table 2 Standard Assignments 



First Second 
Read/ Module Module 
Description Mnemonic Write Address Address 



Registers 

Control/Status LPCSR R/W 177514 (Use floating 

Data Buffer LPDSR R/W 177516 address space) 

Interrupt 

Done or Error — — 200 (Use floating 

vector space) 
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BITS 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
DEVICE ADDRESS 1,1,1. L ,J .1 A , J .„ I .» I I ... I » c I ». I I , I FT 



11 11 I 111 If L« 



(BLANK 7 SELECTED) 

FACTORY 111110 10 0 1 
CONFIGURATION 



LPCS 177514 I | I i J J i i i J 
LPDS 177510 »»»»▼»»»»» 
.5 4 3 2 1 , . 5 4 3 2 1 , 

SW3 SW2 

Figure 2 LAV1 1 Device Address Format 



VECTOR ADDRESS 
FORMAT 



15 


14 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


0 


0 










0 


V8 


V7 


V6 


VB 


V4 


V3 


V2 


0 


0 



1111111 



FACTORY 

CONFIGURATION 0 1 0 0 0 0 0 

0 = SWITCH ON 1111111 

1 =• SWITCH OFF ^ 7 6 S 4 3 2 I , 

SW1 



Fig u re 3 LAV 11 Interrupt Vector For m at 



Parity(W1) 

This jumper will allow a parity bit to be transmitted to the LA180 when 
inserted. Removing the jumper will disable the parity bit. 

+5 Vdc Sense (W2, W3) 

These jumpers allow the user to sense 5 Vdc from either the LA180 
printer or the LAV11 interface. To sense the 5 Vdc from the LA180, 
leave W2 installed and remove W3. To sense 5 Vdc from the interface 
module, leave W3 installed and remove W2. Under no condition 
should both jumpers be installed or removed. 

Demand (W4, W5) 

These jumpers allow the user to assert INTERNAL DEMAND from the 
LA180 on either a low level (zero) or a high level (one). For a low level, 
the user will leave W4 installed and remove W5. For a high level, the 
user will leave W5 installed and remove W4. Under no condition 
should both jumpers be installed or removed. 

P Strobe (W6, W7) 

These jumpers allow the user to assert P STROBE on either a low level 
(zero) or a high level (one). For a low level, the user will leave W6 
installed and remove W7. For a high level, the user will leave W7 
installed and remove W6. Under no condition should both jumpers be 
installed or removed. 
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LA180 to LAV11 Interface Cable 

The only acceptable cable for use between the LA180 and the LAV1 1 
is the BC11S. The cable end labeled P2 must be attached to the 
LA180. The end labeled P1 must be attached to the LAV11. 

LA180 Modifications 

Jumper W6 must be inserted on the LA180 logic board (54-11023). 
This insures +5 Vdc sense to the LAV11. Failure to insert this jumper 
will result in a continued error condition in the LAV1 1 LACS buffer. 

Device Registers 

All software control of the LAV1 1 is performed by means of two device 
registers. Each register has been assigned a bus address and can be 
read or loaded (with the exceptions noted) using any instruction that 
refers to those addresses. 

The following discussion presents the bit assignments within the two 
device registers. Bits referenced as "unused" and "write-only" are 
always read as zeros. Loading "unused" and "read-only" bits has no 
effect on those bits. 

Control and Status Register (CSR) — The address of the CSR is 
177514 and the register data contains the control and status of the 
system. The data bit assignments are shown in Figure 4; the bit assign- 
ments are described in Table 3. 

Data Buffer Register (DBR) — The address of the DBR is 177516 and 
the register contains the data being processed by the system. The 
data bit assignments on the register are shown in Figure 5; the bit 
assignments are described in Table 4. 

Interrupt Servicing 

Both the error and done bits are enabled by the same CSR bit (inter- 
rupt enable). When granted, the interrupt occurs using the vector 
block at location 200 8 (interrupt vector is limited to location 777 8 ). 
These bits do not occur in the set condition simultaneously. When 
servicing an interrupt, therefore, the routine must check the state of 
error and done in the CSR (bits 15 and 7) to determine which of the 
two flags caused the interrupt. Because the LAV11 is normally con- 
nected to the LSI-11 bus BIRQ L line, servicing the LAV11 -originated 
interrupt request depends upon its closeness to the processor via the 
daisy-chain network. 
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08 07 06 05 



Figure 4 LAV1 1 CSR Bit Assignments 



Table 3 LAV1 1 CSR Bit Definitions 



Bit: 15 Name: Error 

Description: The error bit is asserted when an error condition (i.e., 
torn or no paper) exists in the LA180. This is a read-only bit which is 
reset only by manual correction of the error condition. 

Bit: 14-8 Name: Unused 
Bit: 7 Name: Done 

Description: The done bit is asserted when the printer is ready to 
accept another character. This is a read-only bit set by INIT. The done 
bit is cleared by loading the LADB register. An interrupt sequence is 
started if IE (interrupt enable, bit 6) is also set. 

Bit: 6 Name: Interrupt Enable 

Description: The interrupt enable bit is set or cleared (read or write 
bit) under program control. It is cleared by the INIT signal on the LSI- 
11 bus. (INIT is caused by a programmed reset instruction, a console 
start function, or a power-up or power-down condition.) When IE is 
set, an interrupt sequence is started if either error or done is also set. 

Bit: 5-2 Name: Unused 
Bit: 1 Name: On-line 

Description: The on-line bit is asserted when the LA1 80 printer (only) 
is on-line. It is a read-only bit. 

Bit: 0 Name: Busy 

Description: The busy bit is asserted when the LA1 80 printer (only) is 
performing a print or paper advance operation. 



PRINTER DATA 



08 07 06 05 04 03 02 01 00 



Figure 5 LAV1 1 DBR Bit Assignments 
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Table 4 LAV1 1 DBR Bit Definitions 

Bit: 15-8 Name: Unused 
Bit: 7 Name: Parity 

Description: The parity bit is loaded with the data word if the parity 
jumper is installed. It is a write-only bit. 

Bit: 6-0 Name: Data 

Description: The data character comprises seven bits, bit 6 being 
most significant. This buffered 7-bit character will be transferred to the 
LA180. These bits are all write-only bits. 
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LPV11 PRINTER OPTION 
GENERAL 

The LPV11 printer option is a high-speed line printer system for use 
with an LSI-11 system. The system consists of an LPV11 interface 
module, an interface cable, and a line printer (either an LP05 or 
LA180). The LPV11 interface module functions that are used with an 
LP05 or LA180 line printer are similar; however, the printer strobe 
signals required for each printer are different. The specific interface 
cable allows the interface module to detect which printer it is interfac- 
ing to, and automatically supplies the correct timing signals for the 
specific type of printer. The interface module is program-controlled to 
transfer data from an LSI-11 bus to the line printer. There are 12 
option numbers that define the type of printer and four primary power 
(line) voltages. Printer types include the LA180 DECprinter and two 
LP05 line printer models (uppercase letters only, and both uppercase 
and lowercase letters). These models and their interface cables are 
defined in Table 1. 

Table 1 LPV11 Option Model Numbers 



Option No. Interface Primary Printer 
(Model) Cable* Power Model Description 



LPV11-PA 
LPV11-PB 
LPV11-PC 
LPV11-PD 



LPV11-VA 
LPV11-VB 
LPV11-VC 
LPV11-VD 



LPV11-WA 
LPV11-WB 
LPV11-WC 
LPV11-WD 



BC11S-25 
BC11S-25 
BC11S-25 
BC11S-25 



115V, 60Hz 
230V, 60Hz 
115V, 50Hz 
230V, 50Hz 



LA180-PA 
LA180-PB 
LA180-PC 
LA180-PD 



LP05-VA 
LP05-VB 
LP05-VC 
LP05-VD 



LP05-WA 
LP05-WB 
LP05-WC 
LP05-WD 



180 char /sec 
printer, 132 
column, 
upper- and 
lowercase 
letters 

300 line/min 
printer, 132 
column, 
uppercase 
letters only 

240 line/min 
printer, 132 
column 
upper-and 
lower- 
case letters 



70-11212-25 115V,60Hz 
70-11212-25 230V, 60Hz 
70-11212-25 115V, 50Hz 
70-11212-25 230V, 50Hz 



70-11212-25 115V, 60Hz 
70-11212-25 230V, 60Hz 
70-11212-25 115V, 50Hz 
70-11212-25 230V, 50Hz 



* 7.62 m (25 ft) interface cable is supplied with each option. 
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FEATURES 

• Models available for 115 or 230 Vac operation at either 50 or 60Hz 

• Line printers available with 132-column upper- and lowercase let- 
ters, or uppercase only 

• Line printers available with speeds of 180 characters per second 
(LA180), or 300 or 240 lines per minute (LP05) 

• Interface module and interface cable supplied. 



SPECIFICATIONS 

Module 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 



M8027 
Double 

+5V ±5% at 0.8 A 

1.4 
1 



Interface Cable 

Type 



Length 

LP05 Line Printer 

Power 



Printable Characters 
64-Character set 



96-Character set 



BC11S-25 or 70-1 1212-25, de- 
pending on LPV1 1 model (see 
Table 1) 

7.62 m (25 ft) maximum 



1 15 Vac ±10% 50/60 Hz ±3 Hz or 
230 Vac ±10% 50/60 Hz ±3 Hz 
700 W 

!"#$%&'()*+ ,- >/0 1 23456789: ; < = 
>?@ 

ABCDEFGHIJKLMNOPQRS 
TUVWXYZ[\]f_ 

All of the above plus a through z: 



Type 
Size 



Open Gothic print 

Typically 0.024 cm (0.095 in.) 
high; 0.065 cm (0.025 in.) wide 
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Code Format 
Characters per line 
Character drum speed 

Printer Characteristics 
Format 



Paper-Feed 

Paper Slew Speed 
Print Area 

Character Spacing 
(horizontal) 



Line Spacing 



Line Advance Time 

Character 
Synchronization 

Physical Characteristics 
Height 
Width 
Depth 
Weight 



ASCII 
132 

64-character drum: 1200 r/min 
96-character drum: 800 r/min 

Top-of-form control; single line 
advance with automatic perfora- 
tion step-over, and carriage re- 
turn. Automatic vertical format 
control is optional. 

One pair of pin-feed tractors for 
1 .27 cm (Vfe in.) hole center, edge- 
punched paper. 

50.8 cm (20 in.) per second 

33.53 cm (13.2 in.) wide, left justi- 
fied 

0.254 ±0.0127 cm (0.1 ±0.005 
in.) between centers; maximum 
possible accumulative error for 
normal spacing is 0.0254 cm (0.- 
01 in.) per 80- or 132-character 
line. 

0.424 ±0.025 cm (0.167 ±0.01 
in.) at 6 lines per inch; 0.31 75 cm 
(0.1 25 in.) at 8 lines per inch. 
Each character within ±0.254 cm 
(0.1 in.) from mean line through 
character. 

50 msec maximum 

Variable reluctance pick-off 
senses drum position. 



1.14 m (45 in.) 
0.81 m(32in.) 
0.56 m (22 in.) 
150 kg (330 lb.) 
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Ribbon Characteristics 
Type 
Width 
Length 
Thickness 

Paper Characteristics 
Type 

Width 

Weight 



Environmental 
Operating Temperature 
Humidity 

Print Rates 

LP05-VA, -VB, -VC, -VD 
(64-character drum) 

LP05-WA, -WB, -WC, -WD 
(96-character drum) 

LA180 DECprinter 

Power 



Printable Characters 



Inked roll 
38.1 cm (15 in.) 
18.288 m (20 yd) 
0.01 cm (0.004 in.) 

Standard fanfold, edge punched, 
27.94 cm (1 1 in.) between folds 

10.16 cm to 42.55 cm (4 in. to 16- 
3/4 in.) 

15-lb. bond minimum (single co- 
py) 12-lb. bond with single-sheet 
carbon for up to six parts (multi- 
ple copy) 

10° to 32° C (50° to 90° F) 
30 to 90% (no condensation) 

300 lines per minute 

240 lines per minute 



90-132 Vac or 180-264 Vac 
50 or 60 Hz ±1 Hz 
400 W max (printing) 
200 W max (idle) 

96 upper- and lowercase charac- 
ter set (7X7 dot matrix): 
+ ,-70123456789 
:;< = >?© 
ABCDEFGHIJK 
LMNOPQRS 
TUVWXYZ 
[\]f_abcdef 
ghijklmnopqr 
stuvwxyz 
{ M }~!"#$%&'0* 
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Code Format 



ASCII 



Non-printable Characters 



Six Commands: BEL, BS, LF, FF, 
CR, DEL 



Number of Characters per Line 
Type of Character Transfer 



Parallel (7-bit plus parity) 



132 max 



Printer Characteristics 
Print Cycle Speed 

Line Printing Speeds 



70 lines per minute on full line 
300 lines per minute on short 
lines 



Up to 180 characters per second 



Print Size 



0.254 cm (10 characters per inch) 
horizontal 

0.233 cm (6 lines per inch) verti- 
cal 



DESCRIPTION 
General 

The M8027 interface module comprises functions that control the flow 
of data between the LSI-11 bus and the line printer (see Figure 1). The 
interface signals are different for the LP05 and the LA180 line printers, 
but the LPV1 1 detects a ground in the interface cable, and automati- 
cally configures itself for the proper printer. Each function of the inter- 
face is described in the following paragraphs. The LA180 and LP05 
strobe timing diagrams are shown in Figures 2 and 3. 
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P DEMAND H 
(E16-1I 



DEMAND H 
(E7-12) 

READY H 

IE1S-S) 

READY • ERR 
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Figure 2 LP05 Internal Timing 
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Figure 3 LA1 80 Internal Timing 



Bus Transceivers and Drivers 

Bus transceivers (DEC 8641) receive the LSI-11 bus BDAL (0:7) L 
signals and distribute the bits on DAL (0:7) H lines. In addition, they 
transmit LPCS bits or interrupt vector address bits during a DATI bus 
cycle or interrupt sequence. Bus drivers (DEC 8881) transmit LPCS 
bits 8 and 15 during a DATI bus cycle in which the LPCS is addressed. 
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Device Address Decoding 

Device address decoding logic receives DAL (2:7) H, BDAL (8:12) L, 
and BBS7 signals and compares the address to the device address 
jumpers; when the LSI-11 bus address bits 2 through 15 equal the 
jumper-configured address for the LPV11, ENB H goes active. Note 
that address bits 13, 14 and 15 are not decoded by the LPV11; the 
processor asserts BBS7 when these bits are all logical 1s, indicating 
an address is present in bank 7. In addition, address bits (0:2) are 
decoded for the device register (and byte) in the bus control logic. Bus 
control logic programmed transfer functions are enabled by the active 
ENB H signal. 

Print Data Transmission 

Print data is transmitted to the printer from the LSI-11 bus under 
program control. The print character buffer functions as the LPDB 
register. It is an 8-bit register, including the optional parity/D8 bit. The 
bus control logic produces WRITE DB H during a DATO or DATOB bus 
cycle in which the LPDB is addressed. Jumper W8 can be removed to 
disable program transfer of LPDB bit 7 to the printer. When W8 is 
removed, P DATA 8 is forced low; if desired, jumper P can be installed 
to force P DATA 8 high. 

Uppercase translation logic gives the user the option to print up- 
per/lowercase data files on an uppercase letters-only printer (LPQ5- 
VA, VB, VC, VD). Software overhead is reduced by performing the 
lowercase to uppercase translation in hardware, rather than in 
software. Jumper W7 normally applies unmodified upper/lowercase 
ASCII characters to the print character buffer. When the lowercase to 
uppercase letters translation is desired, jumper W7 is removed and 
jumper T is installed. The result is that ASCII codes 140 through 177 
are translated to 100 through 137 (bit 5 = 0), as shown in Table 2. 

Read Data Select Logic 

Read data select logic functions enable the processor to read the 
LPCS register under program control or the LPV11's interrupt vector 
during an interrupt transaction. Control signals READ CS H and VEC- 
TOR H select the bits. LPCS bits are produced by various LPWI1 
interface functions as shown in Figure 1 . 
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Table 2 Uppercase-Only Code Translation 





ASCII Input 




ASCII Output 


Code 


Character 


Code 


Character 


140 


* 


100 


@ 


141 


a 


101 


A 


142 


b 


102 


B 


143 


c 


103 


C 


144 


d 


104 


D 


145 


e 


105 


E 


146 


f 


106 


F 


147 


g 


107 


G 


150 


h 


110 


H 


151 


i 


111 


I 


152 


j 


112 


J 


153 


k 


113 


K 


154 


I 


114 


L 


155 


m 


115 


M 


156 


n 


116 


N 


157 


0 


117 


O 


160 


P 


120 


P 


161 


q 


121 


Q 


162 


r 


122 


R 


163 


s 


123 


S 


164 


t 


124 


T 


165 


u 


125 


U 


166 


V 


126 


V 


167 


w 


127 


w 


170 


X 


130 


X 


171 


y 


131 


Y 


172 


z 


132 


z 


173 


{ 


133 


[ 


174 


I 


134 


\ 


175 


) 


135 


] 


176 


t 


136 


t 


177 


DEL 


137 
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Ready Flag and LP Strobe Logic 

The ready flag (LPCS bit 7) and line printer (LP) strobe logic provide 
the proper control signal interface to the printer. The LP strobe func- 
tion is used only for LP05 printers. The LA180 uses the DATA STROBE 
H signal generated by the bus control logic. Selection of the appropri- 
ate strobe source is automatically produced by the LA/LP select logic 
function. Connecting the proper interface cable for the LA180 grounds 
the SELECT line, causing the LA/LP select logic to select LA180 (data 
selector port B) functions. When the LP05 is used, the interface cable 
does not ground the line and LP05 (data selector Port A) functions are 
selected. The LA180 strobe is a negative-going pulse. The LP05 strobe 
is a positive-going pulse initiated by the leading edge of P DEMAND H 
and cleared by the trailing edge of P DEMAND H. 

The ready flag is produced by the logic function when the printer is 
requesting a character (P DEMAND H goes active) and no error is 
present. In addition to setting the LPCS ready flag, the RQST A signal 
input to the interrupt logic goes active; if interrupts are enabled (LPCS 
bit 6 is set), an interrupt request is initiated (BIRQ L goes active). The 
ready flag is cleared by an active DATA STROBE L signal when writing 
a new character into the print character buffer. 

When an error condition occurs in the printer, the printer asserts P 
FAULT L. The fault is applied to the error flip-flop logic (via the M 
FAULT H signal), producing an active ERROR L signal and an active 
ERROR H signal (LPCS bit 15). The ready flag logic function responds 
by not producing a ready flag, although P DEMAND H may be active, 
and by producing an active RQST A H signal. Thus, an error conditon 
will initiate an interrupt request (if LPCS bit 6 is set) and set LPCS bit 
15. The error flag is cleared by the processor reading the LPCS regis- 
ter if the ready flag is not set, or when the LPV1 1 interrupt vector is 
read. 

Error Filter 

The error filter is always used (automatically selected) with the LA180 
printer and jumper-selected for optional use with the LP05 printer. 
This function is produced by a clock pulse generator/counter circuit 
that requires an active P FAULT L signal for 8 ms before the M FAULT 
H signal is produced. The minimum time requirement for the fault 
signal presence prevents false errors due to noise. 

BRPLY Delay 

Bus control logic generation of BRPLY L signals is delayed 400 ns 
(approximately) by factory-installed jumper W1. W1 connects C3 to 
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the DC004 RxCx input pin, delaying the BRPLY L signal for proper 
operation with LA180 printers. When LP05 printers are used, the 
jumper may be either left installed or removed to reduce the BRPLY 
delay, as desired. 

Initialization 

The processor initializes devices on the LSI-1 1 bus by asserting BINIT 
L. BINIT L is received by the interrupt logic and distributed as the INIT 
L signal. INIT L clears the print character buffer, error flip-flop logic, 
and interrupt enable bit (LPCS bit 6), and sets the ready flag. 

LP05 Line Printers 

LP05 printers use a 132-column, 64- (LPV1 1-VA, -VB, -VC, -VD) or 96- 
(LPV11-WA, -WB, -WC, -WD) character rotating drum, and solenoid- 
driven hammers to print characters. Characters are transmitted to the 
LP05's print buffer under program control via the M8027 interface 
module. The LP05 print buffer stores up to a 132-character line. Each 
print cycle is initiated by a terminating character. Terminating charac- 
ters include carriage return (CR), line feed (LF), and form feed (FF). 
Printing requires two revolutions of the drum. Odd-numbered and 
even-numbered columns are printed during alternate revolutions of 
the drum. Circuits in the LP05 scan the print buffer characters stored 
for a line in synchronization with the rotating drum. Each character is 
printed, as appropriate, by driving the hammmer for those odd- or 
even-numbered columns in which a particular character appears. An 
inked ribbon and paper pass between the drum and the hammers, 
and thus the characters are printed. 

Note that LP05 printers are available with uppercase letters only (64- 
character set) or upper- and lowercase letters (96-character set), de- 
pending on the model. All models are capable of printing numerals 
and punctuation marks. 

LA180 DECprinter 

The LA180 DECprinter included with LPV11-PA, -PB, -PC, and -PD 
models is a free-standing, pedestal-type impact printer that is capable 
of printing a maximum of 132 characters per line. To initiate a print 
cycle, a line terminator character (LF, FF, or CR) is required. The 
printer contains a 256 by 8 character buffer, which stores printable 
and nonprintable characters. This buffer is loaded character-by-char- 
acter via the LPV1 1 interface under program control. After each char- 
acter is stored in the buffer, a read function is performed to determine 
if the character is a line-terminator character. If it is, the characters 
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stored in the buffer are printed; if it is not, the next characters are input 
until the complete line is stored, as indicated when the line-terminator 
character is received and stored. 

Each character is transferred to the printer as a parallel 7-bit ASCII- 
plus-optional parity code. The printer is a high-speed dot matrix 
printer that prints at speeds up to 180 characters per second. It pro- 
duces a hard copy original plus up to five duplicate copies on tractor- 
driven, continuous forms, varying in width from 10.2 cm (4 in) to 37.8 
cm (14-7/8 in). The average printing speeds are 70 lines per minute on 
full lines. The printer responds only to codes representing the LA180 
character set and six command characters. All other codes are ig- 
nored. 

CONFIGURATION 
General 

The M8027 interface module is shipped from the factory with jumpers 
configured for standard (DIGITAL software-compatible) device and 
interrupt vector assignments. It is normally not necessary for the user 
to configure the address or vector jumpers, unless special device 
addresses and/or interrupt vectors are desired. The factory-installed 
jumpers are shown in Figure 4. These jumpers can be removed by 
carefully cutting each end close to the printed circuit board. In addition 
to the factory jumpers, there is an alternate set of wire-wrap pins that 
allow the user to install additional or replacement jumpers by using 
the designated wire-wrap pins. In Figure 4, the dots represent wire- 
wrap pins and a line indicating a pair of pins shows the electrical 
connection that must be wire-wrapped to insert that jumper. Table 3 
lists the factory jumpers that can be installed and the additional jump- 
ers installed, as well as the associated functions. The factory-set ad- 
dresses are listed in Table 4. 

NOTE 

Jumpers F+ (factory-installed W6) and F- do not 
have associated wire-wrap pins. These jumpers 
must be installed by soldering and removed by cut- 
ting or unsoldering. 
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Table 3 Jumper Designations 



Jumper* 


Function 


Jumper* 


Function 


A3 


Device Address 


P 


Parity 


A4(W2) 


Device Address 


T(W7) 


Translate to Uppercase 


A5(W3) 


Device Address 


V2(W9) 


Interrupt Vector 


A6 


Device Address 


V3(W10) 


Interrupt Vector 


A7(W4) 


Device Address 


V4(W11) 


Interrupt Vector 


A8 


Device Address 


V5(W12) 


Interrupt Vector 


A9 


Device Address 


V6(W13) 


Interrupt Vector 


A10 


Device Address 


V7 


Interrupt Vector 


A11 


Device Address 


V8(W14) 


Interrupt Vector 


A12 


Device Address 


W1 


Bus Reply Timing 


F(W6) 


Error Filter 







* Jumpers without W designation are not normally installed by factory. 
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Figure 4 LPV1 1 1nterface Module 
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Table 4 Standard Assignments 



First Second 
Read/ Module Module 
Description Mnemonic Write Address Address 



Registers 

Control/Status LPCS R/W 177514 (Use floating 
Data Buffer LPDB R/W 177516 address space) 

Interrupts 

Done or Error — 200 (Use floating 

vector space) 



Device Address 

The LPV11 is factory-configured for a device control/status register 
(CSR) address equal to 177514. The data buffer register (DBR) is 
always the configured CSR address +2; thus, the standard DBR ad- 
dress is 177516. If more than one LPV11 option is installed in the 
system, or if special device addresses are desired, remove and/or 
install jumpers (one for each CSR address bit) as directed in Figure 5. 



I t I I I I I J I ! 

R R R R R I R I I R 

I , I I I I I I ! , 



IBANK 7 SELECTED) 

FACTORY R 
CONFIGURATION 
LPCS = 177514 
LPDB = 177616 



A12 All A10 A9 



A7 A6 
IW4I 



IW3I IW2I (FACTORY INSTALLED! 



Figure 5 LPV1 1 Device Address Format and Jumpers 
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Interrupt Vector 

The LPV11 is factory-configured for an interrupt vector equal to 200 8 . 
If more than one LPV1 1 option is installed in the system, or if a special 
interrupt vector is desired, remove and/or install jumpers (one for 
each vector bit) as directed in Figure 6. 



VECTOR ADDRESS 
FORMAT 



FACTORY 

CONFIGURATION I 
° 200 



JUMPER 
(FACTORY INSTALLED) 



I I i i i I I 

I R I I I I I 

I I I I I i I 



Figure 6 LPV1 1 Interrupt Vector Format and Jumpers 



Bus Reply Timing 

Jumper D (W1) is factory-installed to delay the BRPLY L bus signal 
timing for LPV11 use with LA180 printers. If desired, this jumper can 
be removed for use with future printers; however, the LP05 will func- 
tion if it is left installed. 

Uppercase Only 

Jumper W7 is factory-installed and jumper T is not installed, enabling 
upper- and lowercase letters to be printed. If lowercase letters are not 
desired, remove W7 and install jumper T. This will cause the LPV11 
interface to translate all lowercase letters to uppercase letters before 
transmission to the printer. This feature will allow printing files config- 
ured for 96-character printers on 64-character printers with minimum 
software overhead. 

Do not configure the module with both jumpers W7 and T installed. 
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Parity 

Jumpers W8 and P select the desired parity mode. The LPV11 is 
factory-configured with W8 installed and jumper P not installed, 
enabling parity bit 7 to be transmitted to the printer. Configure the 
parity option desired as follows: 

Parity Option Jumper W8 Jumper P 

Normal parity bit Installed Removed 

No parity, bit 7 low Removed Removed 

No parity, bit 7 high Removed Installed 

Do not configure the module wih both jumpers W8 and P installed. 

NOTE 

If the LPV11 interface module is used with an LP05 
printer equipped with the Direct Access Vertical 
Form Unit (DAVFU), it is recommended that the user 
remove jumper W8. The LPV11 interface module 
does not support the DAVFU function. 



Error Filter 

The LPV1 1 interface module contains an error filter (time delay) circuit 
that is automatically selected when the module is used with an LA180 
DECprinter. Jumper F+ (W6) is factory-installed, selecting the error 
filter for use with LP05 printers; however, its use with LP05 is optional. 
If desired, remove the error filter by removing jumper W6 and instal- 
ling jumper F-. Do not configure the module with both F- and W6 
installed. 



LPV11 Device Registers 

All programmed communication with the LPV11 option is via two de- 
vice registers in the LPV11 interface module. These registers include 
the line printer control and status (LPCS) and line printer data buffer 
(LPDB). These registers are factory-configured with LSI-11 bus ad- 
dresses 177514 and 177516, respectively, and are software-compati- 
ble with DIGITAL software. However, if additional LPV11 options are 
added to the system, or if the user requires addresses other than 
those factory-configured, it will be necessary to alter interface module 
jumpers and provide an LPV11 program using these special device 
addresses. Each register is described in Tables 5 and 6 and both are 
shown in Figure 7. 
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> , 

I (NOT USED) 

DONE 
(READ ONLY) 

INTERRUPT ENABLE 


' Y ' 

(NOT USED) 

ON LINE 
(READ-ONLY) 

BUSY 





(READ/WRITE) (READ-ONLY) 



PARITY D7 D6 DS 04 03 D2 01 
OR D8 
(OR PAPER 
INSTRUCTION 
FOR LP05I 
v V 

(READ/WRITE) 



Figure 7 LPV1 1 Word Formats 



Table 5 LPCS Register Bit Functions 



Bit: 15 Name: Error 

Description: Asserted (1) whenever an error condition exists in the 
line printer. Error conditions include: 

LP05 Errors 

1 . Power off 

2. No paper 

3. Printer drum gate open 

4. Over-temperature alarm 

5. PRINT INHIBIT switch off 

6. Printer off-line 

7. Torn paper 

LA 180 Errors 

1. Fault (paper fault) 

2. On-line switch (in OFF position) 

Reset by manual correction of error condition if LPCS bit 6 is not set. If 
bit 6 is set, bit 15 is reset by manual correction of the error and: (1) 
reading the interrupt vector if the interface is "ready," or (2) after 
reading the LPCS if the interface is "not ready." Read-only. 
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Bit: 14-8 
Description: 

Bit: 7 



Name: Not used 
Read as Os. 



Name: Done 



Description: LP05— Asserted (1) whenever printer is ready for next 
character to be loaded. Indicates that previous function is either 
complete or has been started and continued to a point where the 
printer can accept the next command. This bit is set by the processor 
asserting BINIT L; if bit 6 is also set, an interrupt sequence is initiated. 
Also set by the printer when on-line and ready to accept a character. 
Cleared by loading (writing into) the LPDB register. Inhibited when bit 
15 is set. Read-only. 

LA 180— Asserted (1) when the printer is ready to accept another char- 
acter. Done is set by the processor asserting BINIT L and is cleared by 
loading (output transfer to) the LPDB register. If the Interrupt Enable 
bit is set, setting Done will initiate an interrupt request. 

Bit: 6 Name: Interrupt Enable 

Description: Set or cleared by the program. Also cleared by the 
processor asserting BINIT L. When set, an interrupt sequence is initi- 
ated if either the Error or Done bit is set. 

Bit: 5-2 Name: Not used 
Description: Read as 0s. 

Bit: 1 Name: On Line 

Description: Not supported and not required by DIGITAL software. 
The following information is provided for reference only. 

LA1 80— Set when the LA1 80 is on-line. Read-only. 

LP05— Not used. Read as 0. 

Bit: 0 Name: Busy 

Description: Not supported and not required by DIGITAL software. 
Information is provided for reference only. 

LA180— Set when the LA180 is printing a line or advancing paper. 

LP05— Not used. Read as 0. 
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Table 6 LPDB Register Bit Functions 
Bit: 15-8 Name: Not used 

Description: Read as Os. Data written into these bits is lost. 
Bit: 7 Name: Parity or D8 

Description: Optional use. Read as 0. LA1 80— Optional parity bit. 
LP05— Optional paper instruction bit. Not supported by the LPV11. 
Read as 0. 

Bit: 6-0 Name: Data 

Description: 7-bit ASCII character register. Characters are sequen- 
tially output to the printer buffer via this register. Read as Os. 

Interrupts 

Programs written for use with the LPV1 1 are generally composed of an 
interrupt-driven routine. When the LPCS register Interrupt Enable bit 
is set and either the Done or Error bit is set, an interrupt request is 
initiated. Entry to the LPV1 1 service routine is normally via the factory- 
configured vector addresses 200 8 (PC) and 202„ (PS). When servic- 
ing an interrupt and a second interrupt occurs, the second (and sub- 
sequent) interrupt may not be recognized. This condition can be 
avoided by checking for both interrupt conditions (Done and Error) in 
the interrupt service routine. 
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REV11-A TERMINATOR, 

REV11-C DMA REFRESH, BOOTSTRAP 

GENERAL 

The REV11-A DMA refresh, bootstrap/terminator module consists of 
DMA refresh circuits, a bootstrap ROM, and 120-ohm termination cir- 
cuits. The REV1 1-C is similar to the REV11-A. but does not have the 
120-ohm termination circuits. 



FEATURES 

• Dynamic MOS memory refresh 

• ROM programs for booting paper tapes. RXV1 1 floppy disks, and 
RKV1 1 cartridge disks 

• ROM diagnostics for CPU and memory 

• 120-ohm LSI- 1 1 bus terminations (REV1 1-A only) 

SPECIFICATIONS 

Identification M9400-YA (REV1 1 -A) 

M9400-YC(REV11-C) 

Size Double 

Power +5V ±5%at1.64A(REV11-A) 

+5 V ±5% at 1 .0 A (REV1 1 -C) 

Bus loads 

AC 2.2 
DC 1 

DESCRIPTION 

Addressing - The module includes a 512 X 16-bit ROM array that is 
addressed in two 256-word segments. These address segments are re- 
served for REV11 options and reside in the upper 4K address bank, 
normally used for peripheral device addresses. The reserved addresses 
range from 1 65000-165776 and 1 73000-1 73776. A power-up mode, 
which will cause the processor to access ROM location 1 73000 upon 
power-up, is jumper-selectable on the processor module. 
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Initialization - The bootstrap ROM logic is initialized only when BDCOK 
H goes false. This condition occurs during a power failure and produces 
active BD INIT H and BD INIT L signals. These signals clear the 9-bit 
address latch and circuits contained in the DMA refresh logic. The option 
does not respond to the LSI- 1 1 bus BINIT L signal. 

Terminations (REV11-A Only) 

Each bus signal line terminates with two resistors as shown in Figure 7. 
These termination resistors are generally contained in a 1 6-pin. dual-in- 
line package which is identical to an IC package. Each package contains 
14 termination pairs. The values used are shown in the figure. Daisy- 
chained grant signals are terminated and jumpered. BJAXI L is jumpered 
(with etch) to BIAKO L. and BDMGI L is connected to BDMGO L via 
factory-installed jumper W1. 

CONFIGURATION 





i n j 

Figure 1 REV1 1 -A, -C, Jumpers 

W2 Insert to enable DMA refresh. 

W4 Insert to enable bootstrap ROM. 
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PROGRAMMING 

Using REV1 1 -A and REV1 1 -C Commands 

General — The REV1 1 hardware option contains programs stored in 
read-only memory. The normal starting address for the program is 
173000. When started at this location, the program executed is a non- 
memory modifying processor test. If no errors are detected, the pro- 
gram outputs a dollar-sign ($) for display on the console device. This 
character is the prompt character for the operator to enter a com- 
mand. 

The starting address can be entered and program operation started 
either manually, using the console ODT GO command, or automatical- 
ly during power-up. Automatic operation is accomplished by selecting 
power-up mode 2 by appropriately configuring jumpers on the proc- 
essor module. The normal power-up response for this mode results in 
the console device displaying the $ prompt character instead of the @ 
console ODT prompt character. 

Unsuccessful execution of the non-memory modifying processor test 
program results in the $ prompt character not being displayed. 
Instead, the program hangs (branch to self) when a sequence of in- 
structions does not execute properly, or the processor halts due to a 
double bus error. A halt normally results in the console terminal dis- 
playing the PC contents (the address of the halt +2) followed by the 
console ODT prompt character. 

REV11-A and REV11-C Command Set — Once the $ prompt charac- 
ter is displayed, the operator can enter one of the commands de- 
scribed in Table 1 . Note that in the command examples, characters 
printed by the program are shown underlined; characters not 
underlined are entered by the operator. Command inputs to the pro- 
gram can be either be upper- or lower-case characters. If an invalid 
command is entered following the $ prompt character, the program 
responds by displaying ? after the invalid command and a new $ 
prompt character on a new line. For example, program response to 
the invalid "XJ" command is shown below: 

$XJ? 
$ 

NOTE 

The <CR> function in Table 1 represents the non- 
printable character "carriage return," which is re- 
cognized as an execute command. 
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Table 1 REV11 ROM Program Commands 
Command: OD 

Function: ODT (Halt). This allows the operator to examine and/or 
alter memory and register locations via the console device. Control 
can be returned to the REV11 program by entering the ODT P 
(proceed) command, if the PC has not been altered, and the console 
device will display the $ prompt character. If the PC has been altered, 
the operator can start program execution by entering the starting ad- 
dress 165006 and the G (go) command as follows: 
@ 165006G 

The processor responds by displaying the $ prompt character on a 
new line and another REV1 1 command can be entered. 

Command: XM<CR> 

Function: Memory diagnostic program. After successfully complet- 
ing the diagnostic, the prompt character ($) is displayed on the con- 
sole device. Errors are indicated by the following displays on the con- 
sole device: 

1. 173732 
@ 

This is an address test error. The expected (normal) data is in R3 
and the invalid data is in the memory location pointed to by R2. If 
desired, continue diagnostic program execution by entering the 
ODT P command. 

2. 173756 
@ 

This is a data test error. The expected (normal) data is stored in 
R3 and the invalid data is in the memory location pointed to by R2. 
If desired, continue diagnostic program execution by entering the 
ODT P command. 

3. 000010 
@_ 

A time-out trap has occurred in testing memory locations outside 
the first (lowest) 4K memory. 

4. nnnnnn 

@_ 

A time-out trap has occurred in testing memory locations within 
the first 4K memory. The nnnnnn displayed is an indeterminate 
number. 
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The actual test consists of an address test and a data test. The address 
test first writes all memory locations with addresses; it then reads and 
verifies the addresses. The data test consists of two parts. An "all 1s" 
word is first walked through all memory locations, which are initially 0. 
The second part consists of walking an "all 0s" word through all 
memory locations which are all 1s. 

Command: XC<CR> 

Function: Processor diagnostic program. This is a memory-modi- 
fying instruction test. Successful execution of the diagnostic program 
results in the prompt character ($) being displayed on the console 
device. Errors are indicated by: 

1. The program halting when an instruction sequence is not correct- 
ly executed. 

2. The program halting in the trap vector area for various traps. 
Command: AL<CR> 

Function: Absolute loader program, normal (absolute address) 
loading operation. Entering AL<CR> specifies that a paper tape is to 
be loaded via the console device (CSR address = 177560). However, 
another device can be specified by entering the appropriate CSR ad- 
dress. For example, to load paper tapes in absolute loader format via 
a device whose CSR address is 177550, enter the following command: 

$AL177550<CR> 

The program responds by first executing the memory-modifying CPU 
instruction test and memory test (refer to the XC and XM commands). 
Successful test execution results in the execution of the absolute load- 
er program. 

A successful program load is indicated by the loaded program auto- 
matically starting execution or by the console device displaying: 

165626 

@ 

Absolute loader errors are: 

• Checksum error, with the program halting and producing the dis- 
play: 

165534 

@ 
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• Program halts in the trap vector area for traps other than a time-out 
trap 

• Time-out trap occurs, causing the display of $ on a new line on the 
console device 

This program can be restarted without first executing the diagnostic 
programs by the following: 

1 . Load R4 with 1 6541 4 (AL starting address). 

2. Load the highest available memory address into R5. (For 
example, if the system contains 4K of read/write memory, load R5 
with 17776.) 

3. Start the program at 1 65242. 

Command: AR<CR> 

Function: Absolute loader program; relocated loading operation. 
When this command is entered, the memory-modifying CPU instruc- 
tion test and memory test are automatically executed first (refer to the 
XC and XM commands), followed by the absolute loader program. 
Successful execution of the tests results in the program halting with 
the following console display: 
165412 
@ 

The operator must then enter the appropriate "software switch regis- 
ter" contents in R4. To select relocated loading, which uses an ad- 
dress (bias) contained in the software switch register, enter the follow- 
ing commands: 
@ R4/xxxxxx nnnnnn<CR> 
@P 

The value nnnnnn is a relocation value selected by the 
operator Observe that the least significant "n" value entered must 
be an odd number. This sets the software switch register (R4) bit 0 to a 
logical 1, selecting the relocated loading mode. Note that the program 
being loaded must be in position-independent code (PIC) format for 
relocated loading. 

When large programs are contained on more than one tape, the pro- 
gram halts at the end of the tape. Install the second tape in the reader, 
and enter a "1" in R4 using the ODT command shown below. Resume 
loading by entering the P command. 
@ R4 /xxxxxx 1 <CR> 
@P 
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The six octal digits (xxxxxx) are the present contents of R4. Entering a 
value of 1 selects relocated loading for the next program tape starting 
at the address following the end of the previous load operation. The P 
command allows the absolute loader program execution to continue 
the loading process once the software switch register value has been 
entered. 

A successful program load is indicated by the loaded program auto- 
matically starting execution, or by the console device displaying: 

165626 
@ 

Absolute loader errors are the same as for the AL command. 

This program can be restarted without first executing the diagnostic 
programs by the following: 

1 . Load R4 with 1 65406 (AR starting address). 

2. Load the highest available memory address in R5. (For example, if 
the system contains 4K of read/write memory, load R5 with 
17.776.) 

3. Start the program at 1 65242. 
Command: DX<CR> or DXn<CR> 

Function: RXV11 floppy disk system bootstrap. Entering the 
DX<CR> command starts the memory-modifying CPU instruction 
test and memory test execution. (See the XC and XM commands.) 
Successful test execution results in the execution of the bootstrap 
program for disk drive 0, the system disk. Or, specify the drive number 
(n) as 0 (drive 0) or 1 (drive 1 ). Floppy disk bootstrap errors are: 

1 . The program halts and the console device displays: 

165316 

@ 

indicating that the device done flag in the RXV1 1 interface was not 
set within the required time (approximately 1.3 seconds). The 
bootstrap can be restarted by entering the P command; the $ is 
then displayed on the console device and the bootstrap command 
can be entered. 

2. The program halts and the console displays: 

165644 

@ 
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indicating that a bootstrap error occurred. The RXV1 1 error regis- 
ter contents are stored in R2. By examining the contents of R2 and 
using the information in this handbook on the RXV11, the exact 
nature of the error can be determined. Examine the contents of R2 
(nnnnnn) as follows: 

@ R2 /nnnnnn <CR> 
@P 

£ 

After examining R2, the bootstrap can be restarted by the P com- 
mand; enter the desired bootstrap command immediately after 
the $ prompt character. 
3. The program halts in the trap vector for traps; a time-out trap 
returns the program to the $ prompt character. If a time-out trap 
occurs first, check for proper system cable connections and de- 
vice interface module installations. Then, attempt to successfully 
bootstrap the system by again entering the desired command. 

The bootstrap for disk drive 0 (DX) can be started without first execut- 
ing the diagnostic programs by the following. 

1 . Load R4 with 1 65264 (the DX bootstrap starting address). 

2. Start the program at 165242. 



Command: DK<CR> or DKn<CR> 

Function: RKV11-D disk drive system bootstrap. Entering the DK 
command starts the memory-modifying CPU instruction test and 
memory test execution. (See the XC and XM commands.) Successful 
test execution results in execution of the bootstrap program for disk 
drive 0, the sytem disk. Or, specify the drive number n as 0 (drive 0), 1 
(drive 1), or 2 (drive 2). 

Disk bootstrap errors are: 

1 . The program halts and the console device displays: 

165724 

@ 

indicating that the device done flag in the RKV11-D interface was 
not set within the required time (approximately 1 .3 seconds). The 
bootstrap can be started by entering the P command; the $ is then 
displayed on the terminal and the bootstrap command can be 
entered. 
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2. The program halts and the console displays: 

165644 

@ 

indicating that a bootstrap error occurred. The RKV11-D error 
register contents are stored in R2. By examining the contents of 
R2 and using the information contained in the RKV11-D option 
description, the nature of the error can be determined. Examine 
the contents of R2 (nnnnnn) as follows: 

@R2 /nnnn< CR> 

@P 

$_ 

After examining R2, the bootstrap can be restarted by the P com- 
mand; enter the desired bootstrap command immediately after 
the $ prompt character. 

3. The program halts in the trap vector for traps; a time-out trap 
returns the program to the $ prompt character. If a time-out trap 
occurs first, check for proper system cable connections and de- 
vice interface module installation. Then, attempt to successfully 
bootstrap the system by again entering the desired bootstrap 
command. 
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RKV11-D RK05 DISK DRIVE CONTROLLER 

SPECIFICATIONS 

LSI-11 Bus Module 

Identification M7269 



Size 

Power 

Bus Loads 
AC 
DC 

RKV11-D Controller 

Input Voltage 
RKV11-DA 
RKV11-DB 

Input Power 

Power Supply 

Line Protection 
115 Vac 
230 Vac 

LSI-1 1 bus backplane signal from 
RKV1 1-D power supply 

Module Complement 

M7254 

M7255 

M7256 

M7268 

M930 

M7269 

Cables 



Double 

+5 V ±5% at 1.8 A 

1.9 
1 



100-127 Vac, 50/60 Hz ±1 Hz 
200-254 Vac, 50/60 Hz ±1 Hz 

140 W max 

H780 

5 A fast blow fuse 
2.5 A fast blow fuse 

BPOKH (power supply AC LO) 
BDCOKH (Bus DC LO) 

Control/Status 
Disk Control 
Data Paths 
Bus Adapter 
Drive Bus Terminator 
Bus Control 

Two 40-conductor flat 70-09026- 
02 (to first RK05 drive) 

Two 40-conductor flat BC05L (to 
LSI-11 bus interface) 



CONFIGURATION 
General 

The RKV11-D/RK05 disk drive system can be configured with up to 
eight RK05-J disk drives daisy-chained on the drive bus (DR bus). 



547 



RKV11-D 



Each disk drive must have an M7700 module of revision J or later. The 
M7700 module has a rotary switch that defines the logical disk drive 
DR bus position. The first disk drive on the DR bus is normally set to 
switch position 1 on the M7700 module and is designated as disk drive 
0. The second disk drive would then be designated as drive 1 (switch 
position 2), and so on, up to the eighth disk drive (switch position 8). 
This configuration (Figure 1) may be varied as DR bus length allows. 
The maximum length of the DR bus is 15 m (50 ft). The DR bus must be 
terminated with the M930 module at the last RK05 on the bus. 

Module Jumpers 

The M7269 module has jumpers to configure the interrupt vector and 
device register addresses. The M7256, M7255 and M7254 modules 
have jumpers to configure certain RK05 disk drive functions. The 
jumpers on the M7269 module have been factory-configured for an 
interrupt vector of 220 8 and device addresses of 177400„ through 
177416 8 . These addresses are the normal user addresses and should 
not be altered. Figure 2 shows the jumper locations for the interrupt 
vector and device address jumpers on the M7269 module. The inter- 
rupt vector and device address word formats are shown in Figures 3 
and 4 and described in Table 1. 



Table 1 Standard Assignments 



M7269 

Read/ Module 

Description Mnemonic Write Address 



Registers 



Drive Status 


RKDS 


R 


177400 


Error 


RKER 


R 


177402 


Control/Status 


RKCS 


R/W 


177404 


Word Count 


RKWC 


R/W 


177406 


Bus Address/Current 


RKBA 


R/W 


177410 


Memory Address 








Disk Address 


RKDA 


R/W 


177412 


Unused 






177414 


Data Buffer 


RKDB 


R (PIO) 


177416 


Interrupt Vector 








Interrupt Vector 






220 
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RKV11-D ADAPTER BUS 
IB METERS MAX 
(60 FEET MAX) 



M72S9 
BUS 

INTERFACE 



DR BUS 

15 METERS MAX 
(GO FEET MAX) 



TERMINATOR 



Figure 1 RKV1 1 -D/RK05 System Configuration 



549 



RKV11-D 



INTERRUPT 

VECTOR 

JUMPERS 



LSI -11 BUS 
ADDRESS - 
JUMPERS 



rv 



Figure 2 M7269 Module Jumpers 
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15 14 13 12 



08 07 06 



04 03 02 01 



t — r 

0 

I . I 



t — r 

0 



i r 



i i I i I i I i 

W1 W2 W3 W6 W7 W8 W12 W13 W14 

. I i 1 I i ! ! ! ! 

DEVICE ADDRESS 



JUMPER ON 
M7269 MODULE 



FACTORY- 
CONFIGURED 



ADDRESS (177400) 



I = INSTALLED 
R = REMOVED 



Figure 3 M7269 Device Address Format 



09 08 07 06 05 04 03 02 01 



t — T 

1 



11111111 
W4 W5 W9 W10 W11 W15 W16 W17 



JUMPER ON 
M7269 MODULE " 

FACTORY- 
CONFIGURED - 
ADDRESS (220) 



I = INSTALLED 
R = REMOVED 



Figure 4 M7269 Interrupt Vector Format 
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Module Utilization 

Of the six modules supplied with the RKV1 1-D, four are installed in the 
RKV11-D controller backplane as shown in Figure 5. The M930 termi- 
nator module is plugged into the last RK05 disk drive on the DR bus, 
and the M7269 double-height module is plugged into the LSI-11 bus. 
The RKV1 1-D is a DMA device. Priority of DMA devices on the LSI-1 1 
bus is determined by the devices' electrical distance from the proces- 
sor. The DMA device closest to the processor has the highest DMA 
priority. 



STATUS 
CONTROL 



DISK 

CONTROL 



DATA 
PATHS 



BUS 

ADAPTER 



H780 POWER 
SUPPLY 



Figure 5 RKV1 1-D Module Utilization 



Cabling 

The RKV11-D is supplied with two BC05L cables which connect the 
M7269 LSI-1 1 bus control module to the M7268 bus adapter module. 
The BC05L cables are connected from J1 to J1 and from J2 to J2 on 
each module (Figures 2 and 6). Two 70-09026-02 cables are also 
supplied for connecting J3 and J4 on the M7268 module (Figure 6) to 
the RK05 M993-YA module. 



TO M7269 TO M993-YA 

(LSI-11 BUS) (RK05) 




n n n I 

MR-1629 

Figure 6 M7268 Cable Connections 
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Registers 

The RKV11-D contains seven 16-bit programmable registers that pro- 
vide software interface to the LSI-11 bus. These registers are 
addressable from the processor and are listed in Table 2. The formats 
for these registers are shown in Figures 7 through 13. Bit descriptions 
are in Tables 3 through 9. 

Table 2 RKV1 1 -D Addressable Registers 



Register Name 



Mnemonic Address* 



RKV1 1 -D Drive Status Register RKDS 1 77400 

RKV11-D Error Register RKER 177402 

RKV1 1 -D Control/Status Register RKCS 1 77404 

RKV11-D Word Count Register RKWC 177406 

RKV1 1 -D Bus Address Register RKBA 1 7741 0 

(Current Memory Address) 

RKV11-D Disk Address Register RKDA 177412 

RKV11-D Data Buffer Register RKDB 177416 



Address 177414 is unused. 



15 14 T3 


12 


11 


10 


09 


08 


07 


06 


OS 


04 


03 02 01 00 


1 1 
DRIVE IDENT 


DPL 


RK05 


DRU 


SIN 


SOK 


DRY 


R/W/S 


WPS 


sc= 


t r ■ n 

SECTOR COUNTER 


2,1,0 














ROY 




SA 


3,2,1,0 



Figure 7 Drive Status Register (RKDS) Address 1 77400 
NOTE 

This register is a read-only register, and contains the 
selected drive status and current sector address. 



Table 3 Drive Status Register Bit Descriptions 



Bit: 0-3 Name: SC (Sector Counter) 

Description: These four bits are the current sector address of the 
selected drive. Sector address 0 is defined as the sector following the 
sector that contains the index pulse. 



553 



RKV11-D 



Bit: 4 Name: SC=SA (Sector Counter equals Sector Ad- 

dress) 

Description: Indicates that the disk heads are positioned over the 
disk address currently held in the sector address register. 

Bit: 5 Name: WPS (Write Protect Status) 

Description: Set when the selected disk is in the write-protected 

mode. 

Bit: 6 Name: R/W/S RDY (Read/Write/Seek Ready) 

Description: Indicates that the selected drive head mechanism is not 
in motion, and that the drive is ready to accept a new function. 

Bit: 7 Name: DRY (Drive Ready) 

Description: Indicates that the selected disk drive complies with the 
following conditions: 

a. The drive is properly supplied with power. 

b. The drive is loaded with a disk cartridge. 

c. The disk drive door is closed. 

d. The LOAD/RUN switch is set to RUN. 

e. The disk is rotating at proper speed. 

f. The heads are properly loaded. 

g. The disk is not in a DRU (bit 1 0 of RKDS) condition. 

Bit: 8 Name: SOK (Sector Counter OK) 

Description: Indicates that the sector counter operating on the se- 
lected drive is not in the process of Changing, and is ready for exami- 
nation. If this bit is not set, the sector counter is not ready for examina- 
tion, and a second attempt should be made. 

Bit: 9 Name: SIN (Seek Incomplete) 

Description: Indicates that because of some unusual condition, the 
seek function cannot be completed. Can be accompanied by RKER 15 
(drive error). Cleared by a drive reset function. 

Bit: 10 Name: DRU (Drive Unsafe) 

Description: Indicates that an unusual condition has occurred in the 
disk drive, and it is unable to properly perform any operations. Reset 
by setting the RUN/LOAD switch to LOAD. If, when the switch is re- 
turned to RUN, the condition recurs, an inoperative drive can be 
assumed, and corrective maintenance procedures should begin. Can 
be accompanied by RKER 15 (drive error). 

Bit: 1 1 Name: RK05 (RK05 Disk On Line) 

Description: Always set to identify the selected disk drive as RK05. 
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Bit: 12 Name: DPL (Drive Power Low) 

Description: Sets when an attempt is made to initiate a new function, 
or if a function is actively in process when the control senses a loss of 
power to one of the disk drives. Can be accompanied by RKER 15 
(drive error). Reset by BUS INIT or a control reset function. 

Bit: 13-15 Name: ID (Identification of Drive) 
Description: If an interrupt occurs as the result of a hardware poll 
operation, these bits will contain the binary representation of the logi- 
cal drive number that caused the interrupt. 



10 09 08 07 



06 05 04 03 



J L 



CSE WCE 



Figure 8 Error Register (RKER)— Address 1 77402 



NOTE 

This is a read-only register. 



Table 4 Error Register Bit Descriptions 

Bit: 0 Name: WCE (Write Check Error) 

Description: Indicates that an error was encountered during a write- 
check function as a result of a faulty bit comparison between disk data 
and memory data. Clears upon the initiation of a new function. This is a 
soft error condition. 

Bit: 1 Name: CSE (Checksum Error) 

Description: Sets while performing a read function as a result of a 
faulty recalculation of the checksum. Cleared upon the initiation of any 
new function. This is a soft error condition. 

Bit: 2-4 Name: Unused 

NOTE 

The remaining bits of the RKER are all hard errors, 
and are cleared only by BUS INIT or by a control 
reset function. 
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Bit: 5 Name: NXS (Nonexistent Sector) . 

Description: Indicates that an attempt was made to a sector address 

greater than 13 8 ." 

Bit: 6 Name: NXC (Nonexistent Cylinder) 

Description: Indicates that an attempt was made to initiate a transfer 

to a cylinder address greater than 31 2 8 . 

Bit: 7 Name: NXD (Nonexistent Disk) 

Description: Indicates that an attempt was made to initiate a function 

on a nonexistent drive. 

Bit: 8 Name: TE (Timing Error) 

Description: Indicates that a loss of timing pulses for at least 5 us has 
been detected. 

Bit: 9 Name: DLT (Data Late) 

Description: Sets during a write or write-check function when the 
multi buffer file is empty and the operation is not yet complete. Sets 
during a read function when the multibuffer file is filled and the opera- 
tion is not yet complete. 

Bit: 10 Name: NXM (Nonexistent Memory) 

Description: Sets if memory does not respond with a RPLY within 20 
ms of the time when the RKV11-D becomes bus master during a DMA 
sequence. Because of the speed of the RK05 disk drive, it is possible 
that NXM will be accompanied by RKER 9 (data late). 

Bit: 11 Name: PGE (Programming Error) 

Description: Indicates that the RKCS 10 (format) was set while initiat- 
ing a function other than read or write. 

Bit: 12 Name: SKE (Seek Error) 

Description: Sets if the disk head mechanism is not properly posi- 
tioned while executing a normal read, write, read-check, or write- 
check function. The control checks 16 times before flagging this error. 
A simple jumper change will force the control to check just once. 

Bit: 13 Name: WLO (Write Lockout Violation) 

Description: Sets if an attempt is made to write on a disk that is 

currently write-protected. 

Bit: 14 Name: OVR (Overrun) 

Description: Indicates that, during a read, write, read-check, or 
write-check function, operations on sector 13 8 , surface 1 of cylinder 
address 31 2„, were finished and the RKWC has not yet overflowed. 
This is essentially an attempt to overflow out of a disk drive. 
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Bit: 15 Name: DRE (Drive Error) 

Description: Sets if a function is either initiated or in process, and: 

a. One of the drives in the system senses a loss of either ac or dc 
power, or 

b. The selected drive is not ready or is in some error condition. 



05 04 03 02 



1 1 

FUNCTION 



UNUSED 
I 



Figure 9 Control/Status Register (RKCS)— Address 177404 



Table 5 Control/Status Register Bit Descriptions 
Bit: 0 Name: GO 

Description: This write-only bit can be loaded by the operator and 
causes the control to carry out the function contained in bits 1-3 of the 
RKCS (functions). Remains set until the control actually begins to re- 
spond to GO, which may take from 1 fis to 3.3 ms, depending on the 
current operation of the selected disk drive (to protect the format 
structure of the sector). 

Bit: 1-3 Name: Function 

Description: The function register, or function read/write bits, are 
loaded with the binary representation of the function to be performed 
by the control when a GO command is initiated. These bits are loaded 
by the program and cleared by BUS INIT. The binary codings are as 
follows: 





Bit 






3 


2 


1 


Operation 


0 


0 


0 


Control reset 


0 


0 


1 


Write 


0 


1 


0 


Read 


0 


1 


1 


Write check 


1 


0 


0 


Seek 


1 


0 


1 


Read check 


1 


1 


0 


Drive reset 


1 


1 


1 


Write lock 
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Bit: 4,5 Name: Unused 

NOTE 

The RKV11-D uses these bits. Since the LSI-11 bus 
structure has no provision for extended addressing, 
no connection is made to the bus from these bits on 
the RKV1 1-D. They will respond as two unused 
read/write bits in the status register, but like the 
RKV1 1 -D, they will increment should the RKBA over- 
flow. 

Bit: 6 Name: IDE (Interrupt on Done Enable) 

Description: When set, this read/write bit causes the control to issue 

a bus request and interrupt to vector address 220„ if: 

a. A function has completed activity. 

b. A hard error is encountered. 

c. A soft error is encountered and bit 8 of the RKCS (SSE) is set. 

d. RKCS 7 (RDY) is set and GO is not set. 

Bit: 7 Name: RDY (Control Ready) 

Description: This read-only bit indicates that the control is ready to 
perform a function. Set by INIT, a hard error condition, or by the 
termination of a function. Cleared by GO being set. 

Bit: 8 Name: SSE (Stop on Soft Error) 

Description: If a soft error is encountered when this read/write bit is 

set: 

a. all control action will stop at the end of the current sector if RKCS 
6 (IDE) is reset, or 

b. all control action will stop and a bus request will occur at the end 
of the current sector if RKCS 6 (IDE) is set. 

Bit: 9 Name: Unused 

Bit: 10 Name: FMT (Format) 

Description: This read/write bit is under program control, and must 
be used only in conjunction with normal read and write functions. 
Used to format a new disk pack or to reformat any sector erased 
because of control or drive failure. Alters the normal write operation 
under which the header is rewritten each time the associated sector is 
rewritten; the head position is not checked for proper positioning be- 
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fore the write. Alters the normal read operation in that only one word, 
the header word, is transferred to memory per sector. For example, a 
3-word read function in format mode will transfer header words from 
three consecutive sectors to three consecutive memory locations for 
software checking. 

Bit: 11 Name: IBA (Inhibit Incrementing the RKBA) 

Description: This read/write bit inhibits the RKBA from incrementing 
during a normal tranfer function. This allows data transfers to occur to 
or from the same memory location throughout the entire transfer op- 
eration. 

Bit: 12 Name: Unused 

Bit: 13 Name: SCP (Search Complete) 

Description: This read-only bit indicates that the previous interrupt 
was the result of some previous seek or drive reset function. Cleared 
at the initiation of any new function. 

Bit: 14 Name: HE (Hard Error) 

Description: This read-only bit sets when any of RKER 5-15 are set. 
Stops all control action, and processor reaction is dictated by RKCS 6 
(IDE), until cleared, along with RKER 5-15, by INIT or by a control reset 
function. 

Bit: 15 Name: ERR (Error) 

Description: This read-only bit sets when any bit of the RKER sets. 
Processor reaction is dictated by RDCS 6 and RKCS 8 (IDE and SSE). 
Cleared if all bits in the RKER are cleared. 

*S 14 13 12 11 10 09 08 07 06 OS 04 03 02 01 00 

I I I I I I I 1 I 1 1 1 1 I I 

WC1 5 WCOO 

1 1 1 1 I I I I I I I I I I I 

CP 3140 

Figure 1 0 Word Count Register (RKWC)— Address 1 77406 
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Table 6 Word Count Register Bit Descriptions 
Bit: 0-15 Name: WC00-WC15 

Description: The bits in this register contain the 2's complement of 
words to be affected or transferred by a given function. The register 
increments by one after each word transfer. When the register over- 
flows (all WC bits go to zero), the transfer is complete and RKV11-D 
operation is terminated at the end of the present disk sector. However, 
only the number of words specified in the RKWC are transferred. 

15 14 13 12 11 10 09 08 07 OS 05 04 03 02 01 00 

1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 

BA15«* BAOO 

I I I I J I I I I 

CP 3135 

Figure 1 1 Bus Address Register(RKBA)— Address 177410 



Table 7 Bus Address Register Bit Descriptions 
Bit: 0-15 Name: BA00-BA15 

Description: The read/write bits in this register contain the bus 
address to or from which data will be transferred. The register is 
incremented by two at the end of each transfer. 



NOTE 

This register will not respond to commands while the 
controller is busy. Therefore, RKDA bits are loaded 
from the bus data lines only in the control ready (bit 7 
of the RKCS) state, and are cleared by BUS INIT and 
control reset. The RKDA is incremented automatical- 
ly at the end of each disk sector. 



15 14 13 12 



10 09 08 07 06 05 04 03 02 01 



DRIVE SELECT 



CYLINDER ADDRESS 
5 I 4 I 3 I ' 



1 I I 
SECTOR ADDRESS 



Figure 1 2 Disk Address Register (RKDA)— Address 1 7741 2 
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Table 8 Disk Address Register Bit Descriptions 
Bit: 0-3 Name: SA (Sector Address) 

Description: Binary representation of the disk sector to bead- 
dressed for the next function. The largest valid address (or number) 
for the sector address is 13„. 

Bit: 4 Name: SUR (Surface) 

Description: When active, enables the lower disk head so that opera- 
tion is performed on the lower surface; when inactive, enables the 
upper disk head. 

Bit: 5-12 Name: CYL ADDR (Cylinder Address) 
Description: Binary representation of the cylinder address currently 
being selected. The largest valid address or number for the cylinder 
address is 31 2 8 . 

Bit: 13-15 Name: DR SEL (Drive Select) 

Description: Binary representation of the logical drive number cur- 
rently being selected. 
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Figure 1 3 Data Buffer Register (RKDB)— Address 1 7741 6 



Table 9 Data Buffer Register Bit Descriptions 
Bit: 0-15 Name: BD00-BD15 

Description: The read-only bits of this register work as a general 
data handler in that all information transferred between the control 
and the disk drive must pass through this register. Loaded from the 
bus only while the RKV1 1-D is bus master during a DMA sequence. 
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PROGRAMMING 



RKV11 Boot Program 

The following boot program can be used to boot an RKV11/RK05 
system from drive unit 0. 



©1000/000000 
001002 000000 



001004 
001006 
001010 
001012 
001014 
001016 
001020 
@1000G 



000000 
000000 
000000 
000000 
000000 
000000 
000000 



12700<LF> 

1 77406 <LF> 

12710<LF> 

177400<LF> 

12740<LF> 

5<LF> 

105710<LF> 

100376<LF> 

5007<CR> 
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RLV11 RL01 DISK DRIVE CONTROLLER 
GENERAL 

The RLV1 1 option is designed to interface RL01 disk drives with the 
LSI-1 1 bus. The RLV1 1 controller can be used only in an H9273-A type 
backplane (PDP-11 /03L or BA11-NE), which incorporates the LSI-1 1 
bus in slot AB and an interboard bus in slot CD. The 2-card controller 
can interface up to four RL01 disk drives for a complete system. The 
RLV1 1 option consists of two quad-size boards, an RL01 disk drive, 
and all the necessary cables. 

The RL01 disk drive is a random access, mass storage system that 
stores data in fixed-length blocks on a preformatted disk cartridge. 
Each drive can store 5.24 million bytes and a complete system can 
store up to 21 million bytes. The RLV1 1 transfers data to and from the 
LSI-1 1 bus using direct memory access (DMA) techniques. This allows 
data transfers to occur without any processor interruptions and at the 
bus bandwidth speed. 

FEATURES 

• 5.24 million bytes per RL01 disk drive; 21 million bytes per system 

• 10.48 million bytes per RL02 disk drive; 42 million bytes per system 

• Up to four RL01 or RL02 disk drives or a combination can be used 
with one RLV1 1 controller 

• Universal power supply, 1 10/220 V, 50/60 Hz 

• Bootstrap provided on BDV1 1 

• Mounts in a PDP-11 /03-L system, BA11-N expansion box, or 
H9273-A backplane 

• DMA transfers to and from the LSI-1 1 bus at 256K words per second 

• 256 word silo buffer that eliminates late data errors on normal reads 
and writes 

SPECIFICATIONS 
LSI-1 1 Bus Modules 

Identification M8013 



M8014 



Size 



Two quads 

+5Vdc ±5% at 6.5 A 
+12Vdc ±3% at 1 A 



Power 



Bus Loads 
AC 
DC 



3.2 
1 
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RL01 Disk Drive 

Data Organization 



Formatted Capacity 



Recording Density 

Recording Method 

Performance 
Peak Transfer Rate 

Head Positioning Time 



Rotational Latency 

Operating Environment 
Temperature Range 

Relative Humidity 
No Condensation 
Max. Wet Bulb 
Altitude 

Heat Dissipation 

Operation 
Start Time 
Stop Time 
Rotational Speed 

Power 
Drive 

Start Current 
Running Current 



256 bytes per sector 
40 sectors per track 
256 tracks per surface 
256 cylinders per cartridge 
2 surfaces per cartridge 

10,240 bytes per track 
20,480 bytes per cylinder 
5.24M bytes per cartridge 
21 M bytes per controller 

125 tracks/in. 
3725 bits/in (max.) 

MFM 

3.9 us per word 
512.5K bytes per second 
15 ms track-to-track 
55 ms average 
100 ms maximum 
12.5 ms average 

10° to 40°C(50° to 104° F) 
at sea level 
10 to 90% 

28° C (82° F) 

Up to 240 m (8000 ft.) at max. 
temperature of 36° C (96° F) 
150W(600 Btu/hr.) 

50 seconds 
30 seconds 
2400 rev/min. 

Single-phase 

5 A/1 .6 A max., 110V, 50/60 Hz 
2.5 A/0.85 A max., 230V, 50/60 
Hz 
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Mechanical Drive 
Size 

Weight 
Mounting 



Cartridge 



Cable Lengths 
Standard 
Power 

Controller to Drive 
Drive to Drive 

Optional 
Drive Cables 



48 cm wide X 63.4 cm deep X 27 
cm high (19. in wide X 25 in. deep 
X 10.5 in. high) 

33.75 kg (75 lb.) 

RETMA standard 48.26 cm 
(19 in.) rack-mounted on slides 
(provided). Recommended maxi- 
mum height from floor is 1 8.9 cm 
(48 in.). 

Stand-alone cabinets for expan- 
sion (standard option) available. 

2 data surfaces 
Embedded servo 
Top loading 



3.05 m (10 ft.) 
3.05 m (10 ft.) 
3.05 m (10 ft.) 

6.96, 12.19, 18.29, m 
(20,40, 60 ft.) 



NOTE 

Maximum physical length from controller to last 
drive should be 30.48 m (100 ft.). 



DESCRIPTION 
General 

The RLV1 1 controller was designed to interface the RL01 disk drives 
to the LSI-1 1 bus. One RLV1 1 controller can support up to four RL01 
disk drives. The controller consists of two quad-height modules that 
plug directly into an LSI-1 1 backplane assembly. The backplane 
should be structured as an H9273 (slots AB are LSI-1 1 bus and slots 
CD are an interboard bus. Refer to section H9273.) 
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The M8014 module contains all the LSI-11 bus-related circuits. Items 
such as the bus control circuits, bus transceivers and decoders, pro- 
grammable registers, and the FIFO circuits are located on this module. 
The bus control function consists of the register protocol, interrupt 
control, operation incomplete timer, direct memory access, and non- 
existent memory timer. The bus transceiver circuits transmit and re- 
ceive both data and address information on the bus. The programm- 
able registers consist of the control /status register, bus address word 
counter, disk address register, and the multipurpose register. The 
FIFO circuits are a first-in/first-out memory that can store up to 256 
16-bit data words. 

The M8013 module contains all the controller timing and sequence 
logic and the data formatting circuits necessary to read and write on 
the disk. The microsequencer logic decodes the function command 
and proceeds to the address of the routine associated with the com- 
mand. The write precompensation logic encodes the data into modi- 
fied frequency modulation and precompensates the data for peak 
shifting effects. The cyclic redundancy checker is used to detect errors 
and compute CRC on a write operation. The data source selector 
allows the multiplexing of the data under control of the microsequen- 
cer. The header compare circuits compare the first header word re- 
ceived from the data separator with the serial disk address word 
coming from the disk address register. 

The major functional sections of the RLV11 controller are shown in 
Figure 1. The processor controls the RL01 disk drives indirectly by 
means of the RLV1 1 controller. The controller has four registers: the 
bus address register (BAR), disk address register (DAR), con- 
trol/status register (CSR), and a multipurpose register (MPR). Of these 
four registers, the CSR is always written last because it initiates the 
microsequencer operation. These registers can be addressed like any 
other memory location. 



566 



CRC NOT ZERO 




DRIVE BUS XCVRS 



Figure 1 RLV1 1 Controller Simplified Block Diagram 
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To issue a function command, the processor places the address and 
data onto the LSI-1 1 bus in a multiplexed fashion. The RLV1 1 controll- 
er decodes the information and channels it to the appropriate register. 
Once the desired function command is written into the control/status 
register, it begins the microsequencer routine. The control mi- 
crosequencer goes through a different routine for each of the eight 
possible command functions. These routines manipulate the data for- 
matting circuits to format the data properly. Included in the data 
formatting function is an error detection feature that uses cyclic redun- 
dancy checking (CRC). 

The data buffer (silo) is a data storage element used primarily when 
reading or writing the RL01K disk under DMA control. It is a FIFO 
memory that can store up to 256 words of data. The data buffer also 
performs data conversion functions. It converts parallel data coming 
off the LSI-1 1 bus into the serial form that can be written onto the disk. 
When performing a read operation, it reverses the direction of data 
flow and converts the serial disk data back into its parallel form. 

Bus Control Functions 

The bus control block consists of five separate functional units. 

• Register Protocol Circuit— This circuit selects the controller register 
to be read or written and supplies the required control signals for 
loading and reading. 

• Interrupt Control Circuit— This circuit sends out a bus interrupt re- 
quest to the processor when the controller has completed a com- 
mand operation and the interrupt enable bit is set. It also passes or 
blocks the processor interrupt acknowledge along the priority daisy 
chain and produces control signals for the generation of RPLY and 
vector data. 

• OPI Circuit— This circuit is the operation incomplete (OPI) timer. 
This timer is initiated upon issuing a controller command. If the 
command sequence is not completed within the 490 msec nominal 
OPI time-out period, an OPI error bit is set in the control/status 
register. The controller ready bit is also set and the processor re- 
ceives an interrupt request if enabled. 

• DMA Control Circuit— The direct memory access (DMA) circuit 
coordinates the timing of the controller FIFO during DMA data ex- 
changes with memory. 

• NXM Circuit— The nonexistent memory (NXM) circuit is a timer used 
when the controller is attempting to read or write from memory. It is 
initialized by the bus SYNC signal and gives the memory device 10 
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Msec to reply to a controller data in (DIN) or data out (DOUT) signal. 
If the reply (BRPLY) is not received within 10 /usee, the NXM error bit 
is set in the CSR. NXM time-out can also occur because of a failure 
at the controller or drive. 

Bus Tranceivers 

These circuits transmit and receive both data and address information 
on the bus. The address decoder circuit compares each incoming 
address with the controller's preset base address. When a match is 
found, the register protocol circuit is enabled. 

Programmable Registers 

Control/Status Register (CSR) — The CSR is a holding register for 
command control information such as drive select, function to be per- 
formed, interrupt enable, and extended address bits. It also indicates 
drive ready and error conditions. 

Bus Address Register (BAR) — The BAR contains the 16-bit memory 
address to which the next DMA transfer is to be made. It is increment- 
ed by 2 under control of the DMA control circuit at the end of each 
DMA transfer. 

Disk Address Register (DAR) — The DAR contains the next sector 
address where data is to be read or written on the disk. It is increment- 
ed by 1 at the end of each sector read or written. The DAR is used also 
to store drive command information that is sent to the drive during a 
seek or get status operation. 

Multipurpose Register (MPR) — The MPR is not a single physical 
entity like the other registers. It consists of two separate registers, the 
word counter and the FIFO output buffer, both bearing the same base 
address. 

When writing the MPR, the data word is loaded into the word counter 
(WC) register. The WC register contains the number of data words 
remaining to be transferred under DMA control. The WC register is 
incremented by 1 under control of the DMA control circuit at the end of 
each DMA transfer. 

When reading the MPR, the data word is read from the FIFO output 
buffer. After a read header command, it contains the header words. 
After a get status, it contains the disk drive status. 

FIFO 

The FIFO is a first-in/first-out silo-type memory element that can store 
up to 256 data words. When full, it holds two sectors of data. A FIFO 
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serializer circuit converts the FIFO parallel data into the serial form 
needed for writing to the disk. Similarly, the serial data read from the 
disk is converted to parallel form through the same serializer circuit. 

The FIFO contents can be recovered by reading the current data word 
in the MPR. For example, to recover three FIFO words requires three 
successive readings of the MPR. During disk read and write 
operations, the FIFO is emptied and filled under control of the DMA 
logic. 

Microsequencer Logic 

The microsequencer first decodes the function command by using 
three funcion bits to point to an address in the sequencer ROM. There 
it finds a routine that corresponds to the command issued. It then 
proceeds to generate the timing and control signals needed to chan- 
nel the incoming or outgoing data through all its various paths within 
the controller. 

Write Precompensation 

This circuit performs two major functions. It encodes digital data into 
its MFM form, and it precompensates this data for peak shifting ef- 
fects. 

MFM encoding is a magnetic recording technique used by the RL01 
drive. A flux reversal is written on the disk in the center of a bit cell to 
represent a logical 1. To represent two successive logical Os, a flux 
reversal is written at this common cell boundary. This recording tech- 
nique guarantees at least one flux reversal for every two cell bits. 

One of the problems associated with magnetic recording is a phenom- 
enon called peak shift. Adjacent flux reversals on a track appear to be 
displaced from where they were written. To offset peak shift, the 
precompensation logic is used to displace the encoded data pulses in 
the opposite direction as the expected peak shift before they are writ- 
ten. 

Data Separator 

The data separator circuit makes use of a phase-locked loop oscillator 
to detect and decode incoming MFM disk data into its digital logical 
representation. It also generates the timing signals used by the mi- 
crosequencer to control the read data operations. 

CRC Circuit 

The cyclic reduncancy checker (CRC) is an error-detection circuit. For 
any data written on the disk, a code is generated in the CRC circuit by 



570 



RLV11 



an internal algorithm. The code is then appended onto the end of each 
header sector in the form of a CRC word. When this header or sector is 
read from the disk, the data is channeled through the CRC circuit. Any 
errors introduced into the data or its CRC word are detected and a 
CRC error bit is set in the CSR. 

Data Source Selector 

This circuit allows the multiplexing of different data sources under the 
control of the microsequencer. There are five different sources of 
data: CRC data, serial disk address data, serial FIFO output data, data 
separator (DS) data, and the write marker pulse. 

Header Compare Circuit 

The function of the header compare circuit is to compare the first 
header word coming from the data separator with the serial disk ad- 
dress word coming from the DAR. This compare is done serially on a 
bit-by-bit basis. If any pair of bits is not identical, a mismatch signal is 
generated. At the end of a compare, the result is available to the 
microsequencer. 

CONFIGURATION 
General 

All software control of the RLV1 1 controller is performed by means of 
four device registers. These registers are assigned addresses and can 
be read or written (as required) under software control. DIGITAL soft- 
ware requires that the device addresses are within the range of 160000 
to 177777. This device address is preset at the factory to 174400. The 
address can be changed by setting the rocker switches designated 
"bus address switches" in Figure 2. These switches are used to assign 
a specific address to the control/status register (CSR) and the 
remaining registers will be assigned the next three addresses as 
shown in Table 1. A logical 1 is represented when the switch is placed 
on the ON position. Figure 3 shows the switch positions for the factory 
set address. The M8014 module must be located immediately after the 
M8013 module on the LSI-1 1 bus priority chain. 
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COMPONENT SIDE 1 

RLV11 BUS INTERFACE BOARD M8014 



LSB 
MSB 



BUS ADDRESS SWITCH 



VECTOR SWITCH 



a n 



BA1 AY1 



Figure 2 RLV1 1 Bus Interface Module (M8014) 



Table 1 Standard Assignments 



Description 



Read/ 

Mnemonic Write 



Address 



Registers 

Control/Status 
Bus Address 
Disk Address 
Multipurpose 

Interrupts 

Interrupt Vector 



CSR 
BAR 
DAR 
MPR 



R/W 
R/W 
R/W 
R/W 



174400 
174402 
174404 
174406 

160 
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DEVICE ADDRESS FORMAT 

15 14 13 12 11 10 



1 


1 


1 


A12 


All 


A10 


A9 


A8 


A7 


.A6 


A5 


A4 


A3 









(BANK 7 SELECTED) 
FACTORY 
CONFIGURATION J 
CSR 174400 
BAR 174402 
DAR 174404 
MPR 174406 



0 = SWITCH OFF 

1 = SWITCH ON 



11 UU IUUUUU 

1 I 1 1 1 I 1 i I 1 



BUS ADDRESS SWITCH 



Figure 3 RLV1 1 Device Address Format 



The interrupt vectors are allocated memory locations from 0-774. The 
recommended interrupt vector for the RLV11 is 160 and is preset at 
the factory for this vector. The user may set the rocker switches desig- 
nated "vector switches" in Figure 2 for any vector within the allocation. 
A logical 1 is presented when the switch is placed to the ON position. 
Figure 4 shows the switch positions for the factory set address. 



Jumpers 

There are four jumpers (W1 to W4) installed on the M8013 printed 
circuit board as shown in Figure 5. These jumpers are installed in the 
factory and are used as described in Table 2. 



INTERRUPT VECTOR FORMAT 

15 14 13 12 11 10 09 



0 


0 










0 


VB 


V7 


V6 


V5 


V4 


V3 


V2 


0 


0 



FACTORY 
CONFIGURATION 

160 



0 0 1110 0 

1 1 i I I i I 

1 2 3 4 5 6 7 



0 = SWITCH OFF 

1 = SWITCH ON 



VECTOR SWITCH 



Figure 4 RLV1 1 Interrupt Vector Format 
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BC06R CABLE 



CABLE CONNECTOR 
TO DRIVE 



W2 p 

GND TP 

O O VCI TP 
O VCO TP 



VCO POT (5 K) 



E49r-vy-i 
ROM 
OR 
EPROM 



0 

ll I 



COMPONENT SIDE 1 

RLV11 DRIVE BOARD M8013 

JUMPERS W2 & W4 IN PLACE FOR E PROM USE 
JUMPERS W1 & W3 IN PLACE FOR MASKED ROM USE 

W1 

0 

0 0 

W4 W3 



fl 



DV1 DA1 CY1 CA1 

NOTE: 

JUMPERS ARE 0-OHM COMPOSITION RESISTORS 



Figure 5 RLV1 1 Drive Module (M801 3) 
Table 2 M801 3 Jumpers 



Jumper 



Definition 



W1 


Used with masked ROMs 


W2 


Used with EPROMs 


W3 


Used with masked ROMs 


W4 


Used with EPROMs 



Masked ROMs W1 , W3 — These jumpers are installed when using 
masked ROMs in E49. Jumpers W2 and W4 are removed. 
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EPROMs W2, W4 — These jumpers are installed when using EPROMs 
in E49. Jumpers W1 and W3 are removed. 

Registers 

Control/Status Register (CSR) — The control/status register (Figure 
6) is a 16-bit, word-addressable register with a standard address of 
174400. Bits 1 through 9 can be read or written; the other bits can only 
be read. The bit functions are described in Table 3. 

When the LSI-11 bus is initialized (BINIT L), bits 1-6 and 8-13 are 
cleared, and bit 7 is set. Bit 0 is set whenever the selected drive is in 
the ready condition; otherwise the bit is cleared. Bit 14 is cleared as 
long as there is no drive error; otherwise the bit is set and remains set 
until the drive error is corrected or the drive error is cleared by a get 
status command with drive reset (bit 3) set. Bit 15 is set only when 
there is a drive or controller error (bits 10-14). 



CONTROL STATUS REGISTER (CSR) 
DCRC 



15 


14 


13 


12 


11 


10 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


ERR 


DE 


NXM 


DIT 




OPI 


DS1 


DSO 




IE 






F2 


F1 


FO 






HNF 




OPI 




I 

CRDY 


I 

BA17 | 






I 

DRDY 



| BA16 
HCRC 

V ^ A. ^ A. I 

READ ONLY READ/WRITE READ 

ONLY 



Figure 6 Control/Status Register 



Table 3 CSR Word Format 



Bit: 0 Name: DRDY 

Description: (Drive Ready) 

When set, this bit indicates that the selected drive is ready to receive a 
command or supply valid read data. The bit is cleared when a seek 
operation is initiated and set when the seek operation is completed. 

Bit: 1-3 Name: F2-F0 
Description: (Function Code) 

These bits are set by software to indicate the command to be execut- 
ed. 
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Octal 



F2 


F1 


FO 


Command 


Code 


0 


0 


0 


Maintenance 


0 








Mode 




0 


0 


1 


Write Check 


1 


0 


1 


0 


Get Status 


2 


0 


1 


1 


Seek 


3 


1 


0 


0 


Read Header 


4 


1 


0 


1 


Write Data 


5 


1 


1 


0 


Read Data 


6 


1 


1 


1 


Read Data 


7 



Without 
Header Check 

Command execution starts when CRDY (bit 7) of the CSR is cleared by 
software. In a sense, then, bit 7 can be considered a negative GO bit. 

Bit: 4-5 Name: BA16, BA17 

Description: (Bus Address Extension Bits) 

Two upper order bus address bits. Read and written as bits 4 and 5 of 

the CSR, they function as address bits 16 and 1 7 of the BAR. 

Bit: 6 Name: IE 

Description: (Interrupt Enable) 

When this bit is set by software, the controller is allowed to interrupt 
the processor at the assertion of CRDY. This occurs at the normal or 
error termination of a command. Once an interrupt request is posted 
in the LSI bus, it is not removed until serviced, even if IE is cleared. 

Bit: 7 Name: CRDY 

Description: (Controller Ready) 

When cleared by software, this bit indicates that the command in bits 
1-3 is to be executed. Software cannot set this bit because no registers 
are accessible while CRDY is 0. 

Bit: 8-9 Name: DSO, DS1 
Description: (Drive Select) 

These bits determine which drive will communicate with the controller 
via the drive bus. 

Bit: 10 Name: OPI 

Description: (Operation Incomplete) 

When set, this bit indicates that the current command was not com- 
pleted within the OPI timer period. 
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Bit: 11 Name: DCRCorHCRC 

Description: (Data CRC) or (Header CRC) 

IF OPI (bit 10) is cleared and bit 11 is set, the CRC error occurred on 
the data (DCRC). If OPI (bit 10) is set and bit 11 is also set, the CRC 
error occurred on the header (HCRC). 

NOTE 

Cyclic redundancy checking is done only on the de- 
sired header. It is performed on the first and second 
header words, even though the second header word 
is always 0. 

Bit: 12 Name: DLT or HNF Error 

Description: (Data Late) or (Header Not Found) 
When OPI (bit 10) is cleared and bit 12 is set, it indicates that a data- 
late condition occurred in a read without a header check operation. 
The FIFO was more than half full and the controller was unable to 
transfer the next sequential sector. 

When OPI (bit 10) is set and bit 12 is also set, it indicates that a timeout 
occurred while the controller was searching for the correct sector to 
read or write (no header compare). 

Bit: 13 Name: NXM 

Description: (Nonexistent Memory) 

When set, this bit indicates that during a DMA data transfer, the mem- 
ory location addressed did not respond within 10 ^s. 

Bit: 14 Name: DE 

Description: (Drive Error) 

This bit is buffered from the drive error interface line. When set, it 
indicates that the selected drive has flagged an error, the source of 
which can be determined by executing a get status command. 

Bit: 15 Name: ERR 

Description: (Composite Error) 

When set, this bit indicates that one or more of the error bits (bits 10- 
14) are set. When an error occurs, the current operation terminates 
and an interrupt routine is initiated if the interrupt enable bit (bit 6 of 
the CSR) is set. 

At the beginning of each controller command, error bits 10-13 are 
automatically cleared. At the completion of each controller command, 
bit 7 is automatically set. (Bit 7 is also set if an error is detected during 
command execution.) 
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The functions of control/status register bits 1-3 are described in the 
following paragraphs. 

Maintenance Function (0) The maintenance command provides a 
means of exercising the controller logic circuits to test whether the 
major data paths and data storage functions are operating. This 
command is used during the diskless diagnostic routine to detect 
controller malfunctions or to establish a level of confidence in controll- 
er operations. 

The first circuitry tested is the microsequencer wait and branch logic, 
followed by branch conditions WCOFLW and MISMATCH. Upon suc- 
cessful completion of this test, the DAR is incremented by 1 . This is 
used as a trace feature to show in which test a failure occurred. 

The next circuit element to be tested is the silo (first-in/first-out buff- 
er). A microsequencer routine is initiated to transfer 256 words of data 
from memory into the silo and then back to memory again. This ex- 
change is performed under DMA control and again the DAR is 
incremented by 1 (which is the original DAR + 3). 

Next a test word previously loaded into the disk address register 
(DAR) is sequenced through the controller data path and cyclic redun- 
dancy checking (CRC) logic to end up in the silo. The resultant silo 
word is in the form of the CRC of the test word. 

The DAR is then incremented by 1 and the test word + 1 is sequenced 
through the same data paths and CRC to become the second silo 
word. This second silo word is in the form of the CRC of the test word 
+ 1 . The DAR is then incremented by 1 again. 

Finally, to exercise the silo serial output stage, this second silo word is 
shifted out of the silo and sequenced through the same data paths and 
CRC circuit another time before coming to rest in the silo again. It now 
becomes the new second silo word and has the form of the CRC of the 
test word + 1 . The DAR is then incremented by 1 again. 

The results of this exercise are two adjacent data blocks in memory, 
two test words residing in the silo, and the test word + 3 residing in the 
DAR. 

The silo buffer contains 225 words and each data block in memory 
occupies 256 locations. 

The two words residing in the silo can be accessed via the multipur- 
pose register. The first word is a test of the data paths. The second 
word is a test of the data paths plus the silo serial output stage. These 
words are read into memory and software monitored for malfunctions. 
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Write Check (1) The write check command compares the data in the 
memory buffer to the data on the disk. Write check functions the same 
as a read, except the data transfer is from the memory. 

Get Status Function (2) The get status command initiates a micro- 
sequencer routine that shifts a drive command word from the controll- 
er to a selected drive. This word is a status request word that asks the 
drive to return information concerning its current operation and error 
status. If the reset bit in the status request is set, the drive will first 
clear all soft errors (those no longer present) before sending back 
drive status. When the drive sends back its status word, it is stored in 
the controller silo to await later access through the multipurpose regis- 
ter. 

One prerequisite for issuing the get status command is a knowledge 
that the controller is in the ready state. It is important to note that the 
drive does not have to be ready (for example, during a seek or when in 
the load state) to issue a get status command. 

The only programming prerequisite is that the status request word be 
loaded first into the disk address register before issuing the get status 
command. 

Seek Function (3) The seek command initiates a microsequencer 
routine that shifts a drive command word from the controller DAR to 
the drive. This drive command word contains head position 
information that includes the cylinder distance to be moved, the direc- 
tion of movement, and the head to be selected for the next data trans- 
fer operation. Once this positioning information is received by the 
drive, the heads seek to the new track location. 

There are several prerequisites for issuing a seek command. First, the 
present location must be known and this is available from the read 
header function. Once this is known, the software must calculate the 
cylinder difference information needed by the drive to reposition the 
heads. Then, before issuing the seek command, the software must 
know that the controller is in the ready state. 

The only programming prerequisite is to load the disk address register 
with the head positioning information prior to issuing the seek func- 
tion. 

Read Header Function (4) The functions of the read header com- 
mand are to read the first header encountered on the selected drive 
and to store the three header words in the silo. These are: header 
WD1, which contains the cylinder address, head select, the selector; 
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header WD2, which contains all zeros; and header WD3, which 
contains the header CRC. One or more header words can then be 
extracted from the silo by reading the MPR. Extracting the first header 
word alone provides sufficient head positioning information to permit 
software calculation of cylinder difference for a subsequent seek oper- 
ation to a new track address. 

The only prerequisite for issuing the read header command is knowl- 
edge that the controller is in the ready state. 

Write Data Function (5) The write data command initiates a mi- 
crosequencer routine that enables the controller DMA circuitry. The 
controller eventually becomes LSI-1 1 bus master and data words are 
loaded into the silo. When the drive is ready, header information is 
continually read off the disk and compared with the first sector ad- 
dress stored in the DAR. Once a header match is found, the silo data is 
written on the disk in successive sectors until the word counter 
overflows. For partial sector writes, the remaining sector area is filled 
with Os. 

There are two prerequisites for the write data command. The first is 
that the heads must already be located at the correct track. This im- 
plies issuing a seek command if necessary. Also, the software must 
know that the controller is in the ready state before issuing a com- 
mand. 

Read Data Function (6) The read data command initates a controller 
microsequencer routine that reads successive headers off the disk 
and compares them against the first sector address in the DAR. When 
a header match is found, disk data is transferred into the silo and out 
to the LSI-1 1 bus under DMA control. The data transfer ends when the 
word counter overflows. 

There are two prerequisites for the read data command. The first is 
that the heads must be located at the correct track. This implies issu- 
ing a seek command if necessary. The second is that software must 
know that the controller is ready to accept a command. 

Read Without Header Check Function (7) This command allows the 
recovery of data if the headers become unreadable. If header not 
found (HNF) or header CRC (HCRC) errors are encountered on a 
particular sector, then data is not recoverable by the standard read 
data command. 

To convert this data, a seek command must be issued if the heads are 
not already located on the track where the bad sector is. Then the 
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sector preceding the bad sector must be located by performing 
successive read header commands. Finally a read header without 
header check command can be issued within 300 us to recover the 
next sector if the controller is ready. 

Bus Address Register (BAR) — The bus address register (Figure 7) is 
a 16-bit, word-addressable register with an address of 174402. Bits 0 
through 15 can be read or written; bit 0 should normally be written as 
0. Expansions bits 16 and 17 are programmable via bits 4 and 5 of the 
CSR. 

The bus address register indicates the memory location involved in 
the DMA data transfer during a read or write operation. The contents 
of the BAR are automatically incremented by 2 as each word is trans- 
ferred between the system memory and the controller. 

BUS ADDRESS REGISTER (BAR) 
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READ/WRITE ma-os7 0 

Figure 7 Bus Address Register 

Clearing of the BAR is accomplished by executing a BUS INIT. 

Disk Address Register (DAR) — The disk address register is a 16-bit, 
read/write, word-addressable register with an address of 174404. Its 
contents can have one of three meanings, depending on the function 
being performed. Clearing of this register is accomplished by execut- 
ing a BUS INIT. 

DAR During a Seek Command To perform a seek function, it is 
necessary to provide address difference, head select, and head direc- 
tional information to the selected drive as indicated in Figure 8. The 
word format is described in Table 4. 



DAR DURING SEEK COMMAND 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
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Figure 8 DAR Seek Command 
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Table 4 DAR Seek Command Word Format 



Bit: 0 Name: MRKR 

Description: (Marker) 
Must be a 1 . 

Bit: 1 Name: 

Description: Must be a 0, indicating to the drive that a seek com- 
mand is being requested and that the remaining bits in the register will 
contain the seek specifications. 

Bit: 2 Name: DIR 

Description: (Direction) 

This bit indicates the direction in which a seek is to take place. When 
the bit is set, the heads move toward the spindle (to a higher cylinder 
address). When the bit is cleared, the heads move away from the 
spindle (to a lower cylinder address). The actual distance moved de- 
pends on the cylinder address difference (bits 7-14). 

Bit: 3 Name: 
Description: Must be a 0. 

Bit: 4 Name: HS 

Description: (Head Select) 

Indicates which head (disk surface) is to be selected. Set = lower, 
clear = upper. 

Bit: 5-6 Name: 
Description: Reserved 

Bit: 7-14 Name: DF (07:00) 

Description: (Cylinder Address Difference) 

Indicates the number of cylinders the heads are to move on a seek. 

Bit: 15 Name: 
Description: Must be a 0. 
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DAR During Read or Write Data Command For a read, write, or 
write-check operation, the DAR is loaded with the address of the first 
sector to be transferred. Thereafter, as each adjoining sector is trans- 
ferred, the DAR is automatically incremented by 1 (Figure 9). If the 
DAR increments to the nonexistent sector address (50 8 ), OPI time-out 
will occur. The word format is described in Table 5. 

DAR DURING READING OR WRITING DATA COMMANDS 
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Figure 9 DAR Read/Write Data Command 
Table 5 DAR Read/Write Data Command Word Format 



Bit: 0-5 Name: SA (5:0) 

Description: (Sector Address) 

Address of one of the 40 sectors on a track. (Octal range is 0 to 47). 

Bit: 6 Name: HS 

Description: (Head Select) 

Indicates which head (disk surface) is to be selected. Set = lower; 
clear = upper. 

Bit: 7-14 Name: CA(7:0) 
Description: (Cylinder Address) 

Address of one of the 256 cylinders. (Octal range is 0 to 377). 

Bit: 15 Name: Not used 

Description: Must be a 0. 

DAR During a Get Status Command After the get status command is 
deposited in the CSR, it is the DAR's responsibility to get the com- 
mand transferred to the drive. Therefore, the DAR must also be pro- 
grammed along with the CSR to do the get status command. 

For a get status command, the DAR register bits must be programmed 
as shown in Figure 10; the word format is described in Table 6. 

DAR DURING GET STATUS COMMAND 
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Figure 10 DAR Get Status Command 
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Table 6 DAR Get Status Command Word Format 

Bit: 0 Name: MRKR 

Description: (Marker) 
Must be a 1. 

Bit: 1 Name: GS 

Description: (Get Status) 

Must be a 1, indicating to the drive that its status word is being 
requested. At the completion of the get status command, the drive 
status word is read into the controller multipurpose (MP) register (out- 
put stage of FIFO). With this bit set, bits 8-15 are ignored by the drive. 

Bit: 2 Name: Not used 

Description: M ust be a 0. 

Bit: 3 Name: RST 

Description: (Reset) 

When this bit is set, the drive clears its error register of soft errors 
before sending a status word "to the controller. 

Bit: 4-7 Name: Not used 
Description: M ust be a 0. 

Bit: 8-15 Name: 
Description: Not used. 

Multipurpose Register (MPR) — The MPR is made up of two registers 
bearing the same base address. When writing into that location, the 
word counter accepts the data. When reading from that location, the 
FIFO output buffer provides the data. 

MPR During a Get Status Command When a get status command is 
executed and a status word is returned to the controller, the MPR 
(FIFO output stage) format is as shown in Figure 11 and described in 
Table 7. 



MPR DURING GET STATUS COMMAND 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
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Figure 1 1 MPR Status Word 
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Table 7 MPR Status Word Format 



Bit: 0-2 Name: State (C.A) 

Description: These bits define the state of the drive: 
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Bit: 3 




Name: 


BH 



Description: (Brush Home) 

Asserted when the brushes are not over the disk. 

Bit: 4 Name: HO 

Description: .(Heads Out) 
Asserted when the heads are over the disks. 

Bit: 5 Name: CO 

Description: (Cover Open) 

Asserted when the cover is open or the dust cover is not in place. 

Bit: 6 Name: HS 

Description: (Head Select) 
Indicates the currently selected head. 

Bit: 7 Name: 
Description: Reserved. Will be 0. 

Bit: 8 Name: DSE 

Description: (Drive Select Error) 
Indicates multiple drive selection is detected. 

Bit: 9 Name: VC 

Description: (Volume Check) 

VC is set every time the drive goes into load heads state. This asserts a 
drive error at the controller but not on the front panel. VC is an indica- 
tion that program does not really know which disk is present until it 
has read the serial number and bad selector file. (The disk might have 
been changed while the heads were unloaded.) 
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Bit: 10 Name: WGE 

Description: (Write Gate Error) 

Indicates the drive sensed that write gate was asserted when sector 
pulse was asserted, or write gate was set with the drive not ready, or 
the drive was write-locked. 

Bit: 11 Name: SPE 

Description: (Spin Error) 

Indicates the spindle is not reaching speed in the required time, or 
over speeding. 

Bit: 12 Name: SKTO 

Description: (Seek Time Out) 

Indicates the heads did not come on track in the required time during 
a seek command. 

Bit: 13 Name: WL 

Description: (Write Lock) 
Indicates write lock status of selected drive. 

Bit: 14 Name: HCE 

Description: (Head Current Error) 

Indicates write current was detected in the heads when write gate was 
not asserted. 

Bit: 15 Name: WDE 

Description: (Write Data Error) 

Indicates write gate was asserted but no transitions were detected on 
the write data line. 



MPR During a Read Header Command When a read header com- 
mand is executed, three words will be stored in the multipurpose 
register (FIFO output buffer). The first header word will contain sector 
address, head select, and cylinder address information. The second 
word will contain all 0s. The third word will contain the header CRC 
information. All three words are readable by the main program (Figure 
12). 

MPR During Read/Write Data Commands When transferring data 
via DMA, the MPR functions as a word counter and is loaded by the 
program with the 2's complement of the number of words to be trans- 
ferred. It is then incremented by 1 by the controller as each word is 
transferred. The reading or writing operation generally is terminated 
when the word counter overflows. The word counter can keep track of 
from one data word to the full 40-sector count of 5120 data words 
(decimal). The maximum number of words that can be transferred in a 
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single operation is limited by the number of sectors available to be 
written in the track (Figure 13). The word counter format is described 
in Table 8. 



MPR DURING READ HEADER COMMAND 
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Figure 12 MPR Three Header Words 



MPR DURING READ/WRITE COMMANDS FOR WORD COUNT 
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
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Figure 13 MPR Used as Word Counter 



Table 8 MPR Word Counter Format 

Bit: 0-12 Name: WC(12:0) 
Description: (Word Count) 

2's complement of total number of words to be transferred. 
Bit: 13-15 Name: 

Description: Must be all 1 s for word count in correct range. 
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Operator Controls and Indicators 

The following switches and indicators are located on the RL01 front 
bezel. 

1 . RUN/STOP switch with LOAD indicator light 

2. UNIT SELECT switch with READY indicator light 

3. FAULT indicator light 

4. WRITE PROTECT switch with WRITE PROTECT indicator light 

Power ON/OFF control is via a rear panel circuit breaker switch which 
is normally left in the ON position. Operation of this circuit breaker 
switch will not damage the drive in any way. 

RUN/STOP Switch with LOAD Indicator — The RUN/STOP switch is 
a push/push alternating action switch which, when depressed, 
energizes the spindle motor. When released, it de-energizes the spin- 
dle motor provided the heads are not loaded and the brushes are 
retracted. If the heads are loaded, it causes the heads to unload and 
then de-energizes the spindle motor. 

The switch contains mechanical memory. In the event of main power 
disruption and subsequent restoration, the drive will cycle up if the 
switch is in the depressed state. 

The LOAD indicator is lit whenever the spindle is stopped, heads 
home, brushes home, and the spindle motor is not energized. A car- 
tridge can be loaded when this indicator is lit. 

UNIT SELECT Switch with READY Indicator — The UNIT SELECT 
switch is a cam-operated switch which is actuated by inserting a num- 
bered cam button. The numbered cam button is such that the drive 
logic will recognize the drive address code corresponding to the unit 
select number on the cam button. The numbered indicator lights to 
indicate the condition identified, such as heads loaded and locked on 
a cylinder, or drive ready for read or write operations. 

FAULT Indicator — The FAULT indicator is lit whenever a fault or 
error condition occurs in the drive. 

WRITE PROTECT Switch with WRITE PROTECT Indicator — The 

WRITE PROTECT switch is a push/push alternating action switch. 
When depressed, it sets the drive in write protect mode. If the drive is 
in the process of writing at the time that the switch is depressed, 
writing will continue until the write gate is negated at the next sector 
pulse. The WRITE PROTECT indicator will not be illuminated until the 
write protect function is enabled. Removal of write protect will occur 
immediately upon the deactivation of the WRITE PROTECT switch. 
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I/O Transfer Operations 

There are three kinds of I/O transfers that are used to interface the 
processor with the RLV1 1 controller. They are programmed I/O trans- 
fers, DMA transfers, or interrupt-driven transfers. 

Programmed I/O transfers are executed by single- or double-operand 
PDP-1 1 instructions. By including the device's address as the effective 
source or destination address, the user specifies the transfer as an 
input or output operation. Programmed I/O allows information to be 
transferred between the RLV11 addressable registers and LSI-11 
memory locations and processor registers. The transfer of each word 
requires the execution of a PDP-1 1 instruction. 

DMA transfers, on the other hand, require only a few programmed I/O 
transfers to set control information. Then a large block of data can be 
moved to or from memory without any support from the processor. 
DMA transfers are the fastest method of transferring data between 
memory and a device. They can occur between processor bus cycles 
and do not alter processor status in any way. Blocks of data can be 
moved at speeds that are not limited by processor instruction execu- 
tion via the DMA transfer mode. The read and write data in the con- 
troller FIFO is received and transmitted under DMA control. 

Interrupt-driven transfers allow the processor to continue a pro- 
grammed operation without waiting for the controller to become 
ready. When the controller becomes ready, it interrupts the proces- 
sor's background program sequence and causes execution of the 
controller's service routine. After the controller's service routine has 
been executed, the background program is restored and program 
execution resumes at the point where it was interrupted. 

Programmed I/O Transfers — Every processor instruction requires 
one or more I/O operations. The first operation required is a data input 
transfer (DATI), which fetches an instruction from memory at the loca- 
tion addressed by the program counter. This operation is called a 
DATI bus cycle. If the controller is referenced, additional DATI, or data 
output transfer (DATO) bus cycles are required. 

Writing Controller Registers When writing the controller registers, 
the CPU is the bus master and the controller is the slave. The initial 
DATI fetch cycle is followed by a DATO cycle. 

Reading Controller Registers When reading the controller registers, 
the CPU is bus master and the controller is the slave. The processor 
performs a DATI cycle to obtain the data from the RLV1 1 registers. 
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The DATI cycle is a result of a processor-programmed instruction 
which addresses the controller registers. 

DMA I/O Transfers — Direct memory access (DMA) is used to transfer 
data between the controller FIFO and memory without program con- 
trol. The processor can service DMA requests between bus cycles. 
Upon receiving BDMR requests from the bus, the processor sets up 
the conditions for DMA transfer by granting bus mastership to the 
BDMG priority daisy-chain. If a high-priority device is requesting bus 
mastership, it will receive it and inhibit passage of the processor's 
grant, regardless of other low priority requests. If it is not requesting 
bus mastership, it will pass the processor's BDMGO through other 
nonrequesting devices to the one that is requesting the mastership. In 
practice, the disk controller is the highest priority device, after memo- 
ry, in the system. 

Once the controller is bus master and memory is the slave, DMA 
transfers can occur without processor intervention. The DMA protocol 
circuit limits transfers to four words at a time to allow other devices to 
be serviced and to prevent interference with the memory refresh cycle. 
After a time-out of 4 fis, if the processor is bus master, the controller 
can reassert mastership and continue the transfer with another four 
words. 

Interrupt-Driven I/O Transfers — Interrupts are requests made by the 
controller that cause the processor to temporarily suspend its present 
program sequence to execute the controller service routine. The 
controller can interrupt the processor only when its interrupt control 
circuit is enabled. This circuit is enabled by an interrupt enable (IE) bit 
in the control/status register. A program must set this bit before an 
interrupt request can be issued. 

An interrupt vector associated with the RVL1 1 controller is located in 
the controller interface/control logic. This vector is an address pointer 
that allows automatic entry into the controller service routine without 
device polling. The vector is switch-selectable in the range 0-774. 

The controller requests interrupt service by asserting BIRQ L. The 
processor acknowledges the interrupt request by asserting BDIN L 
followed by BIAKO L. The first device on the bus receives this daisy- 
chained signal at its BIAKI L input. If it is not requesting service, it 
passes the signal via its BIAKO L output to the next device, and so on, 
until the requesting device receives the signal. The requesting device 
responds by asserting BRPLY L and placing its interrupt vector on the 
data/address bus lines BDAL (0:15) L. Automatic entry to the service 
routine is then executed by the processor. 
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Bus Signal Timing 

Diagrams illustrating the bus timing requirements between the proc- 
essor and the RLV11 controller, given in general master/slave device 
terms, may be found in the Microcomputer Processor Handbook pub- 
lished by Digital Equipment Corporation. 
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RXV11 FLOPPY DISK OPTION 
SPECIFICATIONS 

Module 

Identification 

Size 

Power 

Bus Loads 
AC 
DC 

Drive 

Identification 
Size 



Recommmended Service Clear- 
ance (front and rear) 

AC Power 

Cable Included 

Drive Performance 
Capacity (8-bit bytes) 
Per diskette 
Per track 
Per sector 

Data Transfer Rate 
Diskette to controller 
buffer 

Buffer to RXV11 interface 

RXV11 interfaced LSI-11 
I/O bus 

Track-to-track move 

Head settle time 

Rotational speed 



M7946 
Double 

+5 V ±5% at 1.5 A 

1.8 
1 

RX01 

46.3 cm w X 28.7 cm h X 53.3 cm 
d 

(19 in w X 10.5 in h X 21 ind) 
55 cm (22 in) 

4 A at 1 15 Vac; 2 A at 230 Vac 
(dual drive) 

BC05L-15(15ft) 

256,256 bytes 
3,328 bytes 
128 bytes 

4 ^sec/data bit (250K bits/sec) 

2 /xsec/bit (500K bits/sec) 

1 8 Msec/8-bit byte ( <50K 
bytes/sec) 

6 msec/track maximum 

25 msec maximum 

360 rpm±2.5%; 166 msec/rev 
nominal 
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Recording surfaces per disk 
Tracks per disk 
Sectors per track 
Sectors per disk 
Recording technique 
Bit density 
Track density 
Average access 

Seek Settle 



1 

77 (0-76) or (0-1 14 8 ) 
26 (1-26) or (0-32 8 ) 
2002 

Double frequency 

3200 bits/in at inner track 

48 tracks/in 

262 msec, computed as follows: 
Rotate Total 



(77 tks/3) X 6 msec + 25 msec + (166 msec/2) = 262 msec 



Environmental Characteristics 
Temperature 
RX01, operating 



RX01, nonoperating 
Media, nonoperating 



1 5° to 32° C (59° to 90° F) am- 
bient; maximum temperature 
gradient = -6.7° C/hr (20° F/hr) 

-35° to +60° C (-30° to +140° 
F) 

-35° to +52° C (-30° to +125° 
F) 



NOTE 

Media temperature must be within operating tem- 
perature range before use. 



Relative Humidity 
RX01, operating 



RX01, nonoperating 

Media, nonoperating 
Magnetic field 



25° C (77° F) maximum wet bulb 
2° C (36° F) minimum dew point 
20% to 80% relative humidity 

5% to 98% relative humidity (no 
condensation) 

10% to 80% relative humidity 

Media exposed to a magnetic 
field strength of 50 oersteds or 
greater may lose data. 
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System Reliability 
Minimum number of 
revolutions/track 



3 million/media (head-loaded) 



Seek error rate 



1 in 10 6 seeks 



Soft read error rate 



1 in 10 9 bits read 



Hard read error rate 



1 in 10 12 bits read 



NOTE 



The above error rates apply only to media that are 
properly cared for. Seek error and soft read errors 
are usually attributable to random effects in the 
head/media interface, such as electrical noise, dirt, 
or dust. Both are called "soft" errors if the error is 
recoverable in ten additional tries or less. "Hard" 
errors cannot be recovered. Seek error retries 
should be preceded by an initialize. 



CONFIGURATION 
General 

The factory jumper locations on the M7946 interface module are 
shown in Figure 1. Note that two styles of modules are used; one style 
(etch Rev B) has machine-inserted jumpers; the other (etch Rev C) has 
wire-wrap jumpers. All M7946 interface modules are configured and 
shipped with preselected register addresses and vectors as shown in 
Figure 2. The control/status register (RXCS) address is 177170, and 
the data buffer register (RXDB) address is 177172. The interrupt vec- 
tor is 264 8 . As supplied, the factory-configured jumpers are for the 
normal addresses used with DIGITAL software. However, in applica- 
tions where more than one RXV11 system is required, appropriate 
register addresses and vectors may be configured by installing or 
removing jumpers. A second RXV11 system would normally be as- 
signed register addresses 177174 (RXCS) and 177176 (RXDB), with an 
interrupt vector of 270 8 (Table 2). 

Register Descriptions 

Control/Status Register (RXCS)(177170) — The format for the RXCS 
register is shown in Figure 3. Bit descriptions are presented in Table 3. 
Loading the RXCS register while the RX01 is not busy and with bit 0 = 
1 will initiate a function described in Table 3. 
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ETCH REV B MACHINE INSERTED JUMPERS 



ETCH REV C WIRE-WRAP JUMPERS 



Figure 1 RXV11 Device Register and Interrupt Vector Jumper 
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Figure 2 Device Register Address and Interrupt Vector 



Table 1 RXV1 1 Configurations 



System 


Disk Drive 


Line Voltage* 


RXV11-AA 


Single drive system 


115V/60 Hz 


RXV11-AC 


Single drive system 


115V/50 Hz 


RXV11-AD 


Single drive system 


230V/50 Hz 


RXV11-BA 


Dual drive system 


115V/60 Hz 


RXV11-BC 


Dual drive system 


115V/50 Hz 


RXV11-BD 


Dual drive system 


230V/50 Hz 



* 50 Hz versions are available in voltages of 105, 115, 220, and 240 Vac by 
field-pluggable conversion. 
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Table 2 Standard Assignments 



vt?9wripiiun 


iviriernunic 


Read/ 

lAlrita 

write 


First 
Module 

HUUivSS 


Second 
Module 

MUUicSS 


Registers 

Control/Status 
Data Buffer 


RXCS 
RXDB 


R/W 
R/W 


177170 
177172 


177174 
177176 


Interrupt 

Function 
Complete 


Done 




264 


270 



UNIT 
SEL 



Figure 3 RXCS Format 



j GO 

000 FILL BUFFER 

001 EMPTY BUFFER 
WRITE SECTOR 
READ SECTOR 
NOT USED 
READ STATUS 
WRITE DELETED 

DATA SECTOR 
READ ERROR 
REGISTER 



010 
011 
100 
101 
110 



Table 3 RXCS Bit Descriptions 



Bit Description 

0 Go. Initiates a command to RX01 . This is a write-only 
bit. 

1 -3 Function Select. These bits code one of the eight 

possible functions described in detail in this section. 
These are write-only bits. 

4 Unit Select. This bit selects one of the two possible 

disks for execution of a desired function. This is a 
write-only bit. 
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5 Done. This bit indicates the completion of a function. 
Done will generate an interrupt when asserted if in- 
terrupt enable (RXCS bit 6) is set. This is a read-only 
bit. 

6 Interrupt Enable. This bit is set by the program to 
enable an interrupt when the RX01 has completed an 
operation (done). The condition of this bit is normally 
determined at the time a function is initiated. This bit 
is cleared by LSI-1 1 bus initialize (BINIT L) signal, 
but it is not cleared by the RXV1 1 initialize bit (RXCS 
bit 14). This is a read/write bit. 

7 Transfer Request. This bit signifies that the RXV1 1 
needs data or has data available. This is a read-only 
bit. 

8-13 Unused. 

14 RXV1 1 1nitialize. This bit is set by the program to 

initialize the RXV1 1 without initializing all of the de- 
vices on the LSI-1 1 bus. This is a write-only bit. 



Caution 

1 . Loading the lower byte of the RXCS will also 
load the upper byte of the RXCS. 

2. Setting this bit (BIS instruction) will not clear the 
interrupt enable bit (RXCS bit 6). 

Upon setting this bit in the RXCS, the RXV1 1 will 
negate done and move the head position mecha- 
nism of drive 1 (if two are available) to track 0. Upon 
completion of a successful initialize, the RX01 will 
zero the error and status register, set initialize done, 
and set RXES bit 7 (DRV RDY) if unit 0 is ready. It will 
also read sector 1 of track 1 on drive 0. 

15 Error. This bit is set by the RX01 to indicate that an 

error has occurred during an attempt to execute a 
command. This read-only bit is cleared by the 
initiation of a new command or by setting the initial- 
ize bit. When an error is detected, the RXES is auto- 
matically read into the RXDB. 
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Data Buffer Register (RXDB)(177172) 

This RX01 interface register serves as a general purpose data path 
between the RX01 and the interface. It may represent one of five RX01 
registers according to the protocol of the command function in prog- 
ress. The RX01 registers include RXDB, RXTA, RXSA, RXES, and 
RXER; each is described below. 

This register is read/write if the RX01 is not in the process of executing 
a command. That is, it may be manipulated without affecting the RX01 
subsystem. If the RX01 is actively executing a command, this register 
will accept data only if RXCS bit 7 (TR) is set. In addition, valid data can 
be read only when TR is set. 

Caution 

Violation of protocol in manipulation of this register may cause per- 
manent data loss. 

RX Data Buffer (RXDB) (Figure 4) — All information transferred to 
and from the floppy media passes through this register. It is address- 
able only under the protocol of the function in progress. 



15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



READ/WRITE DATA 



Figure 4 RXDB Format 



RX Track Address (RXTA) (Figure 5) — This register is loaded to 
indicate on which of the 114 B tracks a given function is to operate. It 
can be addressed only under the protocol of the function in progress. 
Bits 8 through 1 5 are unused and are ignored by the control. 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



NOT USED 0-114 e 

CP-1510 

Figure 5 RXTA Format 
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RX Sector Address (RXSA) (Figure 6) — This register is loaded to 
indicate on which of the 32„ sectors a given function is to operate. It 
can be addressed only under the protocol of the function in progress. 
Bits 8 through 15 are unused and are ignored by the control. 



15 14 13 12 11 10 09 08 07 06 OS 04 03 02 01 00 



0 0 0 



CP-1511 

Figure 6 RXSA Format 



NOT USED 



RX Error and Status (RXES) (Figure 7) — This register contains the 
current error and status conditions of the drive selected by bit 4 (unit 
select) of the RXCS. This read-only register can be addressed only 
under the protocol of the function in progress. The RXES is located in 
the RXDB upon completion of a function. Table 4 lists the RXES bit 
descriptions. 



IS 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 



DRV 
RDY 



ID PAR CRC 



Figure 7 RXES Format 
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Table 4 RXES Bit Descriptions 



Bit Description 

0 CRC Error. A cyclic redundancy check error was de- 
tected as information was retrieved from a data field 
of the diskette. The RXES is moved to the RXDB, and 
error and done are asserted. 

1 Parity Error. A parity error was detected on com- 
mand or on address information being transferred to 
the RX01 from the LSI-1 1 bus interface. A parity 
error indication could mean that there is a problem 
in the interface cable between the RX01 and the in- 
terface. Upon detection of a parity error, the current 
function is terminated; the RXES is moved to the 
RXDB, and error and done are asserted. 

2 Initialize Done. This bit is asserted in the RXES to 
indicate completion of the initialize routine, which 
can be caused by RX01 power failure, system power 
failure, or programmable or LSI-1 1 bus initialization. 

3-5 Unused. 

6 Deleted Data Detected. During data recovery, the 
identification mark preceding the data field was de- 
coded as a deleted data mark. 

7 Drive Ready. This bit is asserted if the unit currently 
selected exists, is properly supplied with power, has 
a diskette installed correctly, has its door closed, 
and has a diskette up to speed. 



NOTE 

The drive ready bit is only valid when retrieved via a 
read status function or at completion of initialize 
when it indicates status of drive 0. 

If the error bit was set in the RXCS but error bits are 
not set in the RXES, then specific error conditions 
contained in the RXER can be accessed from the 
RXDB via a read error register function. 
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RX Error (RXER) (Figure 8) — This register is located in the RX01 and 
contains specific RX01 error information. This information is normally 
accessed when RXCS error bit 15 is set but RXES error bits 0 and 1 are 
not set. This is a read-only register. 

15 14 13 12 11 10 09 08 07 06 03 04 03 02 01 00 



NOT USED I 

J ' CP -2246 

Octal Code Error Code Meaning 

010 Drive 0 failed to see home on initialize. 
020 Drive 1 failed to see home on initialize. 

030 Found home when stepping out 10 tracks for INIT. 

040 Tried to access a track greater than 77. 

050 Home was found before desired track was reached. 

060 Self-diagnostic error. 

070 Desired sector could not be found after looking at 52 
headers (2 revolutions). 

1 1 o More than 40 usee and no SEP clock seen. 

1 20 A preamble could not be found. 

1 30 Preamble found but no I/O mark found within allow- 

able time span. 

1 40 CRC error on what was thought to be a header. 

1 50 The header track address of a good header does not 

compare with the desired track. 

1 60 Too many tries for an I DAM (identifies header). 

1 70 Data AM not found in allotted time. 

200 CRC error on reading the sector from the disk. No 

code appears in the ERREG. 

210 All parity errors. 

Figure 8 RXER Format 
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Function Codes 

Data storage and recovery on the RXV1 1 system is accomplished by 
careful manipulation of the RXCS and RXDB registers according to the 
strict protocol of individual functions. The penalty for violation of pro- 
tocol can be permanent data loss. Each of the functions is encoded 
and written into RXCS bits 1-3, as shown in Figure 3. Programming 
protocol for each function is described below. 

Fill Buffer (000) — This function is used to fill the RX01 buffer with 128 
8-bit bytes of data from the host processor. Fill buffer is a complete 
function in itself. The function ends when the buffer has been filled. 
The contents of the buffer can be written onto the diskette by means of 
a subsequent write sector function, or the contents can be returned to 
the host processor by an empty buffer function. 

RXCS bit 4 (unit select) does not affect this function, since no diskette 
drive is involved. When the command has been loaded, RXCS bit 5 
(done) is negated. When the TR bit is asserted, the first byte of data 
may be loaded into the data buffer. The same TR cycle will occur as 
each byte of data is loaded. The RX01 counts the bytes transferred. It 
will not accept less than 128 bytes and will ignore those in excess. Any 
read of the RXDB during the cycle of 128 transfers results in invalid 
read data. 

Empty Buffer (001) — This function is used to empty the internal 
buffer of the 128 data bytes loaded from a previous read sector or fill 
buffer command. This function will ignore RXCS bit 4 (unit select) and 
negate done. 

When TR sets, the program may unload the first of 128 data bytes from 
the RXDB. Then the RXV1 1 again negates TR. When TR resets, the 
second byte of data may be unloaded from the RXDB, which again 
negates TR. Alternate checks on TR and data transfers from the RXDB 
continue until 128 bytes of data have been moved from the RXDB. 
Done sets, ending the operation and initiating an interrupt if RXCS bit 
6 (interrupt enable) is set. RXES contents are moved to the RXDB 
where they can be read. 

NOTE 

The empty buffer function does not destroy the con- 
- tents of the sector buffer. 

If the deleted data address mark was detected, the control will assert 
RXES bit 6 (DD). As data enters the sector buffer, a CRC is computed, 
based on the data field and CRC bytes previously recorded. A non- 
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zero residue indicates that a CRC error has occurred. The control sets 
RXES bit 0 (CRC error) and RXCS bit 15 (error). The RXV11 ends the 
operation by moving the contents of the RXES to the RXDB, sets done, 
and initiates an interrupt if RXCS bit 6 (interrupt enable) is set. 

Read Status (101) — The RXV11 will negate RXCS bit 5 (done) and 
begin to assemble the current contents of the RXES into the RXDB. 
RXES bit 7 (drive ready) will reflect the status of the drive selected by 
RXCS bit 4 (unit select) at the time the function was given. All other 
RXES bits will reflect the conditions created by the last command. 
RXES may be sampled when RXCS bit 5 (done) is again asserted. An 
interrupt will occur if RXCS bit 6 (interrupt enable) is set. 

NOTE 

The average time for this function is 250 ms. Exces- 
sive use of this function will result in substantially 
reduced throughput. 



Write Sector with Deleted Data (110) — This operation is identical to 
function 010 (write sector), with the exception that a deleted data 
address mark precedes the data field instead of a standard data ad- 
dress mark. 

Read Error Register Function (111) — The read error register func- 
tion can be used to retrieve explicit error information contained in the 
RXER when RXCS error bit 15 is set. The function is initiated, and bits 
0-6 of the RXES are cleared. Out is asserted and done is negated. The 
controller then generates the appropriate number of shift pulses to 
transfer the specific error code from the RXER to the interface register 
and completes the function by asserting done. The RXDB program 
can then read the error code to determine the type of failure that 
occurred (Figure 8). 

NOTE 

Care should be exercised in the use of this function 
since, under certain conditions, erroneous error in- 
formation may result. 



Power Fall — There is no actual function code associated with power 
fail. When the RX01 senses a loss of power, it will unload the head and 
abort all controller action. All status signals are invalid while power is 
low. 
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When the RX01 senses the return of power, it will remove done and 
begin a sequence to: 

1 . Move drive 0 head position mechanism to track 0. 

2. Clear any active error bits. 

3. Read sector 1 of track 1 of drive 0 into the sector buffer. 

4. Set RXES bit 2 (initialize done) after which done is again asserted. 

5. Set drive ready of the RXES according to the status of drive 0. 

Write Sector (010) — This function is used to locate a desired track 
and sector and write the sector with the contents of the internal sector 
buffer. The initiation of this function clears bits 0, 1 and 6 of RXES 
(CRC error, parity error, and deleted data detected) and negates 
done. 

When TR is asserted, the program must first move the desired sector 
address into the RXDB, which will negate TR. When TR is again assert- 
ed, the program must move the desired track address into the RXDB, 
which will negate TR. If the desired track is not found, the RXV1 1 will 
abort the operation, move the contents of the RXES to the RXDB, set 
RXCS bit 15 (error), assert done, and initiate an interrupt if RXCS bit 6 
(interrupt enable) is set. 

TR will remain negated while the RX01 attempts to locate the desired 
sector. If the RX01 is unable to locate the desired sector within two 
diskette revolutions, the RXV11 will abort the operation, move the 
contents of the RXES to the RXDB, set RXCS bit 15 (error), assert 
done, and initiate an interrupt if RXCS bit 6 (interrupt enable) is set. 

If the desired sector is successfully located, the RXV1 1 will write the 
128 bytes stored in the internal buffer followed by a 16-bit CRC char- 
acter that is automatically calculated by the RX01 . The RXV1 1 ends the 
operation by asserting done and initiating an interrupt if RXCS bit 6 
(interrupt enable) is set. 

NOTE 

The contents of the sector buffer are not valid data 
after a power loss has been detected by the RX01. 
The write sector function, however, will be accepted 
as a valid function, and the random contents of the 
buffer will be written, followed by a valid CRC. 

The write sector function does not destroy the con- 
tents of the sector buffer. 
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Read Sector (011) — This function is used to locate a desired track 
and sector and transfer the contents of the data field to the microCPU 
controller sector buffer. The initiation of this function clears bits 0, 1, 
and 6 of RXES (CRC error, parity error, and deleted data detected) 
and negates done. 

When TR is asserted, the program must first move the desired sector 
address into the RXDB, which will negate TR. When TR is again assert- 
ed, the program must move the desired track address into the RXDB, 
which will negate TR. 

If the desired track is not found, the RXV1 1 will abort the operation, 
move the contents of the RXES to the RXDB, set RXCS bit 15 (error), 
assert done, and initiate an interrupt if RXCS bit 6 (interrupt enable) is 
set. 

TR and done will remain negated while the RX01 attempts to locate the 
desired track and sector. If the RX01 is unable to locate the desired 
sector within two diskette revolutions after locating the presumably 
correct track, the RXV1 1 will abort the operation, move the contents of 
the RXES to the RXDB, set RXCS bit 15 (error), assert done, and 
initiate an interrupt if RXCS bit 6 (interrupt enable) is set. 

If the desired sector is successfully located, the control will attempt to 
locate a standard data address mark or a deleted data address mark. 
If either mark is properly located, the control will read data from the 
sector into the sector buffer. 

There is no guarantee that information being written at the time of a 
power failure will be retrievable. However, all other information on the 
diskette will remain unaltered. 

One method of aborting a function is through the use of RXCS bit 14 
(RXV1 1 initialize); however, this will not clear the interrupt enable bit 
(RXCS bit 6). Another method is through the use of the system 
initialize signal that is generated by the PDP-1 1 RESET instruction, the 
console ODT Go command, or system power failure. 

PROGRAMMING 
Bootstrapping the RXV11 

The RXV11 bootstrap loader program loads the system monitor from 
disk into system memory. No system operation can occur until the 
monitor is contained in system memory. Bootstrapping ("booting") the 
system can be accomplished via a hardware-implemented bootstrap 
in the REV11-A, REV11-C, or the BDV11 option, or it can be entered 
and executed via the console device. 
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When a bootstrap option is not included in the system, the operator 
must enter a bootstrap program via the console device. Place the 
processor in the Halt mode and proceed as shown below; The boo- 
table volume must be in drive zero. All devices are at standard ad- 
dresses and vectors. Enter the code starting at location 1000. Inhibit 

all interrupts by entering RS/ 340 <CR>. Initialize the program 

counter by entering R7/ 1000 <CR>. After the code has been en- 
tered, type P. 





RX01 




DVA1 


LOCATION 


CODE 


LOCATION 


CODE 


1000 


12702 


1040 


111023 




1 flfl94.7 




1f»91 1 
OUe I I 


1004 


12701 


1044 


1776 


1006 


177170 


1046 


100756 


1010 


130211 


1050 


103766 


1012 


1776 


1052 


105711 


1014 


112703 


1054 


100771 


1016 


7 


1056 „ 


5000 


1020 


10100 


1060 


22710 


1022 


10220 


1062 


240 


1024 


402 


1064 


1347 


1026 


12710 


1066 


122702 


1030 


1 


1070 


247 


1032 


6203 


1072 


5500 


1034 


103402 


1074 


5007 


1036 


112711 • 
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RXV21 FLOPPY DISK OPTION 



GENERAL 

The RXV21 floppy disk option is a random access mass memory de- 
vice that stores data in fixed-length blocks on a Preformatted, flexible 
diskette. Each diskette can store and retrieve up to 51 2K 8-bit bytes of 
data. The RXV21 system is rack-mountable and consists of an inter- 
face module, an interface cable, and either a single or dual RX02 
floppy disk drive. 

FEATURES 

• Compact disk system 

• Stores/retrieves 51 2K 8-bit bytes of data 

• Rack mountable 

• Available with either single or dual disk drive 

• Available for 1 1 5 or 230 Vac, 50 or 60 Hz 

• Can be converted (50 Hz version) for 105, 115, 220 or 240 Vac 
operation 

• Direct Memory Access data tranfer 

• Industry-compatible mode under software selection 

SPECIFICATIONS 
Module 

Identification M8029 



Size 

Power 

Bus Loads 
AC 
DC 

Drive 

Identification 
Size 

Recommended Service 



Double 

+5V ±5% at 1.8A typically 

3 
1 



RX02 

46.3 cm w X 28.7 cm h X 53.3 cm 
d 

(19in.wx 10.5 in. hx 21 in.d) 

55 cm (22 in.) 
Clearance (front and rear) 
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AC Power 

Cable Included 

Drive Performance 
Capacity (8-bit bytes) 
Per diskette 

Per track 

Per sector 

Data Transfer Rate 
Diskette to controller buffer 

Buffer to RXV21 interface 

RXV21 interface to LSI-11 
I/O bus 

Track-to-track move 

Head settle time 

Rotational speed 

Recording surfaces per disk 
Tracks per disk 
Sectors per track 
Sectors per disk 
Recording technique 

Bit density 

Track density 
Average access 

Seek Settle 

(77 tks/3) X 6 msec + 25 msec + 



4A at 1 1 5 Vac; 2 A at 230 Vac 
(dual drive) 

BC05L-15(15ft.) 

512,512 bytes 
6,656 bytes 
256 bytes 

2 Atsec/data bit (500K bits/sec) 
1.2 ^sec/bit (500K bits/sec) 

23 usee/ 16-bit word 

6 msec/track maximum 

25 msec maximum 

360 rpm ±2.5%; 166 msec/rev 
nominal 

1 

77 (0-76) or (0-1 14 8 ) 
26(1-26) or (0-32 8 ) 
2002 

Double frequency (FM) or modi- 
fied (MFM) 

3200 bpi (FM); 6400 bpi (modified 
MFM) 

48 tracks/in. 

262 msec, computed as follows: 
Rotate Total 

»6 msec/2) = 262 msec 
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Environmental Characteristics 
Temperature 
RX02, operating 



15° to 32° C (59° to 90° F) am- 
bient; maximum temperature 
gradient = 11°C/hr (20°F/hr) 

-35° to +60° C (-30° to +140° 
F) 

-35° to +52° C (-30° to +125° 
F) 

NOTE 

Media temperature must be within operating tem- 
perature range before use. 



RX02, nonoperating 
Media, nonoperating 



Relative Humidity 
RX02, operating 

RX02, nonoperating 

Media, nonoperating 
Magnetic field 

System Reliability 
Minimum number of revolu- 
tions/track 

Seek error rate 

Soft read error rate 



25° C (77° F) maximum wet bulb 
2° C (36° F) minimum dew point 
20% to 80% relative humidity 

5% to 98% relative humidity (no 
condensation) 

10% to 80% relative humidity 

Media exposed to a magnetic 
field strength of 50 oersteds or 
greater may lose data. 

3 million/media (head-loaded) 

1 in 10 6 seeks 
1 in 10 9 bits read 



Hard read error rate 1 in 10 12 bits read 

NOTE 

The above error rates apply only to DIGITAL-ap- 
proved media that is properly cared for. Seek error 
and soft read errors are usually attributable to ran- 
dom effects in the head/media interface, such as 
electrical noise, dirt, or dust. Both are called "soft" 
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errors in that the error is recoverable in ten addition- 
al tries or less. "Hard" errors cannot be recovered. 
Seek error retries should be preceded by an 
initialize. 

DESCRIPTION 

The interface module converts the RX02 I/O bus to the LSI-11 bus 
structure. It controls the RX02 interrupts to the processor, decodes 
device addresses for register selection, and handles the data inter- 
change between the RX02 and the processor via DMA transfers. 
Power for the interface module is supplied by the LSI-1 1 bus. 

The RXV21 floppy disk system is available in the configurations de- 
scribed in Table 1. 

Table 1 RXV21 Configurations 



System 

RXV21-AA 
RXV21-AC 
RXV21-AD 
RXV21-BA 
RXV21-BC 
RXV21-BD 



Disk Drive 

Single drive system 
Single drive system 
Single drive system 
Dual drive system 
Dual drive system 
Dual drive system 



Line Voltage* 

■M5V/60 Hz~ 
115V/50 Hz 
230V/50 Hz 
115V/60 Hz 
115V/50 Hz 
230V/50 Hz 



50 Hz versions are available in voltages of 105, 115, 220, and 240 Vac by 
field-pluggable conversion. 



CONFIGURATION 
General 

The factory jumper locations on the M8029 interface module are 
shown in Figure 1. All M8029 interface modules are configured and 
shipped with preselected register addresses and vectors as shown in 
Figure 2. The control/status register (RX2CS) address is 177170, and 
the data buffer register (RX2DB) address is 177172. The interrupt 
vector is 264 8 . As supplied, the factory-configured jumpers are for the 
normal addresses used with DIGITAL software. However, in applica- 
tions where more than one RXV21 system is required, appropriate 
register addresses and vectors may be configured by installing or 
removing jumpers. A second RXV21 system would normally be as- 
signed register addresses 177200 (RX2CS) and 177202 (RX2DB), with 
an interrupt vector of 270„ (Table 2). 



611 



RXV21 



Register Descriptions 

Control/Status Register (RXCS)(177170) — The format for the RX2CS 
register is shown in Figure 3. Bit descriptions are presented in Table 3. 
Loading the RX2CS register while the RX01 is not busy and with bit 0 = 
1 will initiate a function described in Table 3. 




O — O 
V4 



M8029 



O — O 
O^O 

o«o 
o**o 
o^o 

o— o 

A10 

o— o 

-All 

o — o 



NOTES: 

1. MODULE M7744 AND CABLE ASSEMBLY 
BC05L ARE SUPPLIED WITH RX02 
FLOPPY DISK SUBSYSTEM ASSEMBLY 

2. RED STRIPE OF BC05L INDICATES 
PIN "A" ON THE CONNECTOR 



Figure 1 RXV21 Device Register and Interrupt Vector Jumper 

Locations 
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To select the standard address, the following jumpers are installed: 

A12 Installed 

A1 1 Installed 

A10 Installed 

A9 Installed 

AS Removed 

A7 Removed 

A6 Installed 

A5 Installed 

A4 Installed 

A3 Installed 

The standard Interrupt Vector is selected by installing the following Jumpers: 

V2 Installed 

V3 Removed 

V4 Installed 

V5 Installed 

V6 Removed 

V7 Installed 

V8 Installed 



Figure 2 Device Register Address and Interrupt Vector 



Table 2 Standard Assignments 



Read/ 

Description Mnemonic Write 
Registers 

Control/ RX2CS 
Status 

Data Buffer RX2DB 



First 

Module 

Address 



Interrupt 

Function 
Complete 



Done 



See register 177170 
description 

177172 
— 264 



Second 
Module 
Address 

177150 
177152 

270 
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3 1 
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ERR 


RX 
INIT 


EX 
AODR 


EX 
ADDR 
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0 


HD 
SEL 


DEN 


T/R 


INT 
ENB 


DONE 


UNIT 
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GO 


R 
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W 


W 
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W 


R/W 


R/W 


R 


R/W 


R 


R/W 


W 


w 



Figure 3 RXV21 Command and Status Register (RX2CS) 



Table 3 RX2CS Bit Descriptions 
Bit: 0 Name: GO 

Function: Initiates a command to the RX02. Write-only. 
Bit: 1-3 Name: Function Select 

Function: These bits code one of the eight possible functions de- 
scribed in the Programming Specification. Write-only. 

Bit: 4 Name: Unit Select 

Function: This bit selects one of the two possible disks for execution 
of the desired function. This bit is readable only when DONE is set. At 
that time, it indicates the unit previously selected. At any other time it is 
not valid. 

Bit: 5 Name: DONE 

Function: Indicates the completion of a function. DONE will generate 
an interrupt upon being asserted if Interrupt Enable (RX2CS Bit 6) is 
set. Read-only. 

Bit: 6 Name: Interrupt Enable 

Function: This bit is set by the program to enable an interrupt when 
the RX02 has completed an operation (DONE). The condition of this bit 
is normally determined at the time a function is initiated. Cleared by 
initialize. Read/write. 

Bit: 7 Name: Transfer Request 

Function: This bit signifies that the RXV21 needs the next word in the 
register protocol sequence (see Programming Specification). Read- 
only. 

Bit: 8 Name: Density 

Function: This bit determines the density of the function to be exe- 
cuted. This bit is readable only when DONE is set. At that time, it 
indicates the density of the function previously executed. This bit is not 
valid at any other time. 
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Table 3 RX2CS Bit Descriptions (Contj 
Bit: 9 Name: Head Select 

Function: This bit selects one of two heads for double sided opera- 
tion. This bit is readable only when DONE is set. At that time, it indi- 
cates the side that was previously selected. At any other time, it is not 
valid. 

Bit: 10 Name: 

Function: Reserved Note: Must be written 0. 
Bit: 1 1 Name: RX02 

Function: This bit is set by the interface to inform the programmer 
that this is an RX02 system. Read-only. . 

Bit: 12-13 Name: Extended Address 

Function: These bits are used to declare an extended bus address. 
Write-only. 

Bit: 14 Name: RXV21 Initialize 

Function: This bit is set by the program to initialize the RXV21 
without initializing all of the devices on the UNIBUS. 

CAUTION: Loading the lower byte of the RX2CS will also load the 
upper byte of the RX2CS. Upon setting this bit in the RX2CS, the 
RXV21 will drop DONE and move the head position mechanism of 
both drives (if two are available) to track zero. Upon completion of a 
successful initialize, the RX02 will zero error and status and set DONE. 
It will also read sector one of track one on drive 0. At termination, drive 
0 head is at track one. 

Bit: 15 Name: ERROR 

Function: This bit is set by the RX02 to indicate that an error has 
occurred during an attempt to execute a command. Cleared by the 
initiation of a new command. Read-only. 

RXV21 Data Buffer Register (RX2DB) 

This register serves as a general purpose data path between the RX02 
and the RXV21. It may represent one of six RX02 registers according 
to the protocol in progress. (See Programming Specification.) This 
register is read/write if the RX02 is not in the process of executing a 
command; it may be manipulated without affecting the RX02. 

Caution 

Violation of protocol in manipulation of this register may 
cause permanent data loss. 
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RX2DB— RXV21 Data Buffer Register 



RX2WC — RXV21 Word Count Register — For a double density sector 
the maximum word count is 128 10 . For a single density sector the 
maximum word count is 64 10 . If a word count is beyond the limit for the 
density indicated, the control asserts Word Count Overflow (Bit 10 of 
RX2ES). Write-only register. The actual word count and not the 2's 
complement of the word count is loaded into the register. 



RX2BA — RXV21 Bus Address Register — This register specifies the 
bus address of data transferred during Fill Buffer, Empty Buffer, and 
Read Definitive Error operations. Incrementation takes place after a 
memory transaction has occurred. The RX2BA, therefore, is loaded 
with the address of the first data word to be transferred. This is a 16-bit 
write-only register (See Programming). 



RX2CA — RXV21 Track Address Register — This is a write-only regis- 
ter which is loaded to indicate on which of the 77 10 tracks a given 
function is to operate. It is addressed only under the protocol of the 
function in progress. 



0-114„ 

RX2SA — RXV21 Sector Address Register — This is a write-only 
register which is loaded to indicate on which of the 26 10 sectors a given 
function is to operate. It can be addressed only under the protocol of 
the function in progress. 



0 0 0 
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RX2ES— RXV21 Error and Status Register — The RX2ES is a read- 
only register available at the termination (DONE) of each function. The 
Drive Ready bit is only updated during an Initialize or Read Status 
function. At the termination of any other function, it reflects the drive 
status of the last Read Status or initialize command. 



15 


12 
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RX 
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SIDE 
1 
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Bit: 0 Name: CRC Error 

Function: The cyclic redundancy check at the end of the data field 
has indicated an error. The data collected must be considered invalid. 
It is suggested that the data transfer be re-tried up to 10 times, as most 
data errors are recoverable (soft). 

Bit: 1 Name: Side 1 Ready 

Function: This bit, when set, indicates that a double-sided diskette is 
mounted in a double-sided drive and is ready to execute a function. 
This bit is only valid at the termination of an Initialize sequence or a 
Maintenance Read Status command. 

Bit: 2 Name: Initialize Done 

Function: Indicates completion of the initialize routine. Can be as- 
serted due to: a) a RX02 power failure, B) system power failure, C) 
programmable or bus initialize. 

Bit: 3 Name: RXACLO 

Function: RX power failure. Bit is set when the subsystem power is 
gone. 

Bit: 4 Name: Density Error 

Function: Indicates that the density of the function in progress does 
not match the Drive Density. Upon detection of this error, the control 
terminates the operation and asserts Error and Done. 

Bit: 5 Name: Drive Density 

Function: Indicates the density of the diskette mounted in the drive 
indicated by the Unit Select bit. 

Bit: 6 Name: Deleted Data 

Function: In the course of recovering data, the "deleted data" ad- 
dress mark was detected at the begining of the data field. The Drv Den 
bit(s) indicate whether the mark was an address mark. The data fol- 
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lowing the mark will be collected and transferred normally, as the 
deleted data mark has no further significance other than to establish 
drive density. Any alteration of files or actual deletion of data, due to 
this mark, must be accomplished by user software. 

Bit: 7 Name: Drive Ready 

Function: The selected drive is ready if Bit 7 = 1. All conditions for 
disk operation are satisfied, such as door closed, power OK, diskette 
up to speed, etc. The RX02 may be presumed to be ready to perform 
any operation. This bit is only valid when retrieved with a Read Status 
function or initialize. 

Bit: 8 Name: Unit Select 

Function: This bit indicates the drive on which the previous com- 
mand was executed. This bit should agree with bit 4 of the RX2CSR for 
commands which require drive operation. 

Bit: 9 Name: Reserved 
Function: 

Bit: 10 Name: Word Count Overflow 

Function: The Word Count Register resides in the control. If the 
control senses that the word count is beyond sector size it will termi- 
nate the Fill or Empty Buffer operation and set Error and Done. 

Bit: 1 1 Name: Nonexistent Memory Error 
Function: This bit is set when a DMA transfer is being performed and 
the memory address specified in RX2BA is nonexistent (does not re- 
spond to MSYN within 10 ^sec). 

PROGRAMMING 

Data storage and recovery on the RXV21 occurs with careful manipu- 
lation of the two RXV21 registers (RX2CS, RX2DB) following the strict 
protocol of the individual function. Data may be permanently lost if the 
protocol is not followed. New functions given before the completion of 
a previous function are ignored. 
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Function Codes 

The following is a detailed description of the programming protocol 
associated with each function encoded and written into bits 1-3 of 
RX2CS if DONE is set. 

Function Description 

000 Fill Buffer 

This function is used to fill the RX02 data buffer with 
the number of words of data specified by the RX2WC 
register. "Fill Buffer" is a complete function in itself. 
The function ends when RX2WC overflows and, if 
necessary, the control has zero-filled the remainder 
of the buffer. The contents of the buffer may be writ- 
ten on the disk, by means of a subsequent Write 
Sector command, or returned to the host processor 
by an "Empty Buffer" command. To initiate this 
function, the RX2CS is loaded with the function. Bit 4 
of the RX2CS (Unit Select) does not affect this func- 
tion, since no disk operation is involved. Bit 8 (Densi- 
ty) must be properly selected since this determines 
the Word Count limit. When the command has been 
loaded, the DONE bit (RX2CS Bit 5) goes false. When 
the TR bit is asserted, the RX2WC may be loaded 
into the data buffer register. When TR is again as- 
serted, the RX2BA may be loaded into the RX2DB. 
The data words are transferred directly from memo- 
ry and DONE goes true, ending the operation, when 
RX2WC overflows and the control has zero-filled the 
remainder of the sector buffer, if necessary. If bit 6 
RX2CS (Interrrupt Enable) is set, an interrupt is 
initiated. Any read on the RX2DB during the data 
transfer is ignored by the RXV21 . After DONE is true, 
the RX2ES is located in the RX2DB register. 

001 Empty Buffer 

This function is used to empty the contents of the 
internal buffer through the RXV21 for use by the host 
processor. This data is in the buffer as the result of a 
previous "Fill Buffer" or "Read Sector" command. 

The programming protocol for this function is identi- 
cal to that for the "Fill Buffer" command. The RX2CS 
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is loaded with the command to initiate the function. 
This function will ignore bit 4 RX2CS (Unit Select). 
RX2CS bit 8 (Density) must be selected to allow the 
proper word count limit. When the command has 
been loaded, the DONE bit (RX2CS bit 5) goes false. 
When the TR bit is asserted, the RX2WC may be 
loaded into the RX2DB. When TR is again asserted, 
the RX2BA may be loaded into the RX2DB. The 
RXV21 assembles one word of data at a time and 
transfers it directly to memory. Transfers occur until 
Word Count overflow, at which time the operation is 
complete and DONE goes true. If bit 6 RX2CS (Inter- 
rupt Enable) is set, an interrupt is initiated. After 
DONE is true the RX2ES is located in the data buffer 
register. 

010 Write Sector 

This function is used to locate a desired sector on 
the diskette and fill it with the contents of the internal 
buffer. The initiation of the function clears RX2ES, 
TR, and DONE. 

A. When TR is asserted, the program must load the 
desired Sector Address into RX2DB, which will 
drop TR. 

TR will remain unasserted while the RX02 at- 
tempts to locate the desired sector. The diskette 
density is determined at this time and is com- 
pared to the function density. If the densities do 
not agree, the operation is terminated; bit 4 
RX2ES is set, RX2ES is moved to the RX2DB, 
Error (bit 15 RX2CS) is set, DONE is asserted, 
and an interrupt is initiated if bit 6 RX2CS (Inter- 
rupt Enable) is set. 

If the densities agree but the RX02 is unable to 
locate the desired sector within two diskette rev- 
olutions, the RXV21 will abort the operation, 
move the contents of RX2ES to the RX2DB, set 
ERROR (bit 15 RX2CS), assert DONE, and initi- 
ate an Interrupt if Bit 6 RX2CS (Interrupt Enable) 
is set. 
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B. If the desired sector has been reached and the 
densities agree, the RXV21 will write the 128 10 or 
64 10 words stored in the internal buffer followed 
by a CRC character which is automatically cal- 
culated by the RX02. The RXV21 ends the func- 
tion by asserting DONE and if bit 6 RX2CS (In- 
terrupt Enable) is set, initiating and interrupt. 

CAUTION: 

The contents of the sector buffer are not valid data 
after a power loss has been detected by the RX02. 
"Write Sector" however, will be accepted as a valid 
instruction and the (random) contents of the buffer 
will be written, followed by a valid CRC. 

NOTE: 

The contents of the sector buffer are not destroyed 
during a write sector operation. 

Read Sector 

This function is used to locate the desired sector and 
transfer the contents of the data field to the internal 
buffer in the control. This function may also be used 
to rapidly retrieve (5 ms) the current status of the 
drive selected. The initiation of this function clears 
RX2ES, TR, and DONE. 

A. When TR is asserted, the program must load the 
desired Sector Address into the RX2DB, which 
will drop TR. When TR is again asserted, the 
program must load the desired Cynlinder 
Address into the RX2DB, which will drop TR. 

TR and DONE will remain unasserted while the 
RX02 attempts to locate the desired sector. If the 
RX02 is unable to locate the desired sector with- 
in two diskette revolutions for any reason, the 
RXV21 will abort the operation, set DONE and 
ERROR (Bit 15 RX2CS), move the contents of 
the RX2ES to the RX2DB, and if Bit 6 RX2CS 
(Interrupt Enable) is set, initiate an interrupt. 

B. If the desired sector is successfully located, the 
control reads the data address mark and deter- 
mines the density of the diskette. If the diskette 
(drive) density does not agree with the function 
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density, the operation is terminated and DONE 
and ERROR (bit 15 RX2CS) are asserted. Bit 4 
RX2ES is set (Density Error) and the RX2ES is 
moved to the RX2DB. If Bit 6 RX2CS (Interrupt 
Enable) is set, an interrupt is initiated. 
D. If the desired sector is successfully located, the 
densities agree, and the data are transferred 
with no CRC error, DONE will be set and if Bit 6 
RX2CS (Interrupt Enable) is set, the RXV21 initi- 
ates an interrupt. 

Set Media Density 

This function causes the entire diskette to be reas- 
signed to a new density. Bit 8 RX2CS (Density) indi- 
cates the new density. The control reformats the 
diskette by writing new data address marks (double 
or single density) and zeroing out all of the data 
fields on the diskette. 

The function is initiated by loading the RX2CS with 
the command. Initiation of the function clears RX2ES 
and DONE. When TR is set, an ASCII "I" (111) must 
be loaded into the RX2DB to complete the protocol. 
This extra character is a safeguard against an error 
in loading the command. When the control recog- 
nizes this character it begins executing the com- 
mand. 

The control starts at Sector 1 , Track 0 and reads the 
header information, then starts a write operation. If 
the header information is damaged, the control will 
abort the operation. 

If the operation is successfully completed, DONE is 
set and if Bit 6 RX2CS (Interrupt Enable) is set, an 
interrupt is initiated. 

NOTE: 

If double-sided media is mounted in a double-sided 
drive, both sides are set to the same density auto- 
matically. 
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CAUTION: 

This operation takes about 15 seconds and should 
not be interrupted. If forany reason the operation is 
interrupted, an illegal diskette has been generated 
which may have data marks of both densities. This 
diskette should again be completely reformatted. 

1 01 Maintenance Read Status 

This function is initiated by loading the RX2CS with 
the command. DONE is cleared. The Drive Ready bit 
(Bit 7 RX2ES) is updated by counting index pulses in 
the control. The Drive Density is updated by loading 
the head of the selected drive and reading the first 
data mark. All other RX2ES bits reflect the condi- 
tions created by the last command. During this 
function, in addition to status, the control performs 
the wraparound mode in the device electronics. If an 
error occurs while wrapping the data from the Sector 
Buffer through the device electronics, the Error bit 
(Bit 15 RX2CS) is set. The RX2ES is moved into the 
RX2DB. The RX2CS may be sampled when DONE 
(Bit 5 RX2CS) is again asserted and if Bit RX2CS 
(Interrupt Enable) is set, an interrupt will occur. This 
operation requires approximately 250 msec to com- 
plete. 

NOTE: 

If double-sided media is mounted in a double-sided 
drive, the Side 1 Ready bit (RX2ES bit 1 ) is set. 

1 1 0 Write Sector With Deleted Data 

This operation is identical to function 01 1 (Write Sec- 
tor) with the exception that a deleted data address 
mark is written preceding the data rather than the 
standard data address mark. The Density bit associ- 
ated with the function indicates whether a single or 
double density deleted data address mark will be 
written. 

1 1 1 Read Error Code 

The Read Error Code function implies a read ex- 
tended status. In addition to the specific Error code, 
a dump of the control's internal scratch pad registers 
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also occurs. This is the only way that the Word Count 
Register can be retrieved. This function is used to 
retrieve specific information as well, as drive status 
information, depending on detection of the general 
ERROR BIT. 

The transfer of the registers is a DMA transfer. The 
function is initiated by loading the RX2CS with the 
command. DONE goes false. When TR is true, the 
RX2BA may be loaded into the RX2DB and TR goes 
false. The registers are assembled one word at a 
time and transferred directly to memory. 

Following is the Register Protocol. 

NOTE: 

The Density bit (bit 8 RX2CS) must be loaded with 
the function. If the wrong assumption was made, an 
error is returned. 



Following is the Register Protocol. 



WORD COUNT REGISTER 



DIFINITIVE ERROR CODE 



CURRENT TRACK ADDR DRV 1 



CURRENT TRACK ADDR DRV 0 



TARGET SECTOR 



TARGET TRACK 



BAD TRACK * 



SOFT STATUS 



Table 4 Definitive Error Codes 



10 
20 
40 
50 



DRIVE 0 FAILED TO SEE HOME ON INITIALIZE 

DRIVE 1 FAILED TO SEE HOME ON INITIALIZE 

TRIED TO ACCESS A TRACK GREATER THAN 76 

HOME WAS FOUND BEFORE DESIRED TRACK 
WAS REACHED 
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Table 4 Definitive Error Codes (Cont) 



70 DESIRED SECTOR COULD NOT BE FOUND AFTER 

52 TRIES 

110 MORE THAN 40 MICROSECONDS AND NO SEP 

CLOCK SEEN 

120 A PREAMBLE COULD NOT BE FOUND 

130 A PREAMBLE FOUND BUT NO ID MARK FOUND 

WITHIN ALLOWABLE TIME 

1 50 THE TRACK ADDRESS OF A GOOD HEADER DOES 

NOT COMPARE WITH DESIRED TRACK 

1 60 TOO MANY TRIES FOR IDAM 

1 70 DATA ARE NOT FOUND IN ALLOTTED TIME 

200 CRC ON READING THE SECTOR FROM THE DISK 

220 FAILED MAINTENANCE WRAPAROUND CHECK 

230 WORD COUNT OVERFLOW 

240 DENSITY ERROR 

250 INCORRECT KEY WORD ON SET DENSITY COM- 
MAND 



RX02 Power Fail or Initialize 

When the RX02 control senses a loss of power within the RX02, it will 
unload the head and abort all controller action. The RXAC L line is 
asserted to indicate to the RXV21 that subsystem power is gone. The 
RXV21 asserts DONE and ERROR and sets the RXAC L bit in the 
RX2ES.* 

When the RX02 senses the return of power, it will remove DONE and 
begin a sequence to: 

1 . Move each drive head position mechanism to track 00 

2. Clear any active error bits 

3. Read sector 1 of track 1 , on drive 0 

4. Assert Initialize DONE in the RXES 

Upon completion of the power-up sequence, DONE is again asserted. 
There is no guarantee that information being written at the time of a 
power failure will be retrievable; however, all other information on the 
diskette will remain unaltered. 
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LSI-11 Bus Power Fail 

When the BPOK H line is negated by the LSI-1 1 , the RXV21 asserts the 
Initialize line and holds it asserted. The RX02 control unloads the head 
and aborts controller action as detailed above. When LSI-1 1 power is 
restored, the above power-up sequence is started. 

* This is the only valid bit in the RX2ES at this time. 

Programming Examples for Typical Operation 

Disk Write 

A typical disk write sequence, which is initiated by the user program, 
would occur in two steps. 

Fill Buffer— A command to fill the buffer is moved into the RX2CS. The 
GO bit must be set. The program tests for TR. When TR is detected, 
the program moves the desired word count into the RX2DB. TR goes 
false while the word count is moved to the RX02. The program retests 
TR and moves the Bus Address into the RX2DB. The device now 
requests bus mastership and DMA's one data word at a time into the 
RX2DB and shifts it across the RX02 data bus bit serially one 8 bit byte 
at a time into the sector buffer. When the Word Count Register over- 
flows and, if necessary, the RX02 control zero fills the remainder of the 
sector buffer, the DONE bit is set and an interrupt will occur if the 
program has enabled interrupts. 

Write Sector— A command to write the contents of the sector buffer 
onto the disk is moved into the RX2CS. The program tests TR and 
when TR is set, moves the desired sector address to the RX2DB. TR 
remains false while the sector address is shifted to the RX02 control. 
The control retests TR and when it is again set, moves the desired 
track address register to the RX2DB. Again TR is negated. The RX02 
locates the desired track and sector and compares the diskette densi- 
ty against the assigned function density and writes the contents of the 
sector buffer onto the disk if the densities agree. When the write oper- 
ation is completed, the DONE bit is set and an interrupt will occur if the 
program has enabled interrupts. 

Disk Read 

A typical disk read operation occurs in the reverse order. First, the 
desired track and sector are located and the contents of the sector are 
read into the sector buffer (Read Sector). Then, the contents of the 
sector buffer are unloaded into memory (Empty Buffer). In either case, 
the contents of the sector buffer are not valid if either a Power Fail or 
Initialize follows a Fill Buffer or Read Sector function. 
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BOOTSTRAPPING THE RXV21 

The RXV21 bootstrap loader program loads the system monitor from 
disk into system memory. No system operation can occur until the 
monitor is contained in system memory. Bootstrapping ("booting") the 
system can be accomplished via a hardware-implemented bootstrap 
in the BDV11 optiion, the MXV11-A with MXV11-A2 boot chips, or it 
can be entered and executed via the console device. 

The following bootstraps are entered under microcode ODT. The boo- 
table volume must be in drive zero. All devices are at standard ad- 
dresses and vectors. Enter the code starting at location 1000. Inhibit 

all interrupts by entering RS/ 340 <CR>. Initialize the program 

counter by entering R7/ 1000 <CR>. After the code has been en- 
tered, type P. 





RX02 DOUBLE 
DENSITY 


RX02 SINGLE 
DENSITY 


LOCATION 


CODE 


CODE 


1000 


12700 


12700 


1002 


100240 


100240 


1004 


12701 


12701 


1006 


177170 


177170 


1010 


5002 


5002 


. 1012 


12705 


12705 


1014 


200 


100 


1016 


12704 


12704 


1020 


401 


401 


1022 


12703 


12703 


1024 


177172 


177172 


1026 


30011 


30011 


1030 


1776 


1776 


1032 


100437 


100437 


1034 


12711 


12711 


1036 


407 


7 


1040 


30011 


30011 


1042 


1776 


1776 


1044 


100432 


100432 


1046 


110413 


110413 
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RX02 DOUBLE RX02 SINGLE 
DENSITY DENSITY 



LOCATION 


CODE 


CODE 


1050 


304 


304 


1052 


30011 


30011 


1054 


1776 


1776 


1056 


110413 


110413 


1060 


304 


304 


1062 


30011 


30011 


1064 


1776 


1776 


1066 


100421 


100421 


1070 


12711 


12711 


1072 


403 


3 


1074 


30011 


30011 


1076 


1776 


1776 


1100 


00414 


100414 


1102 


10513 


10513 


1104 


30011 


30011 


1106 


1776 


1776 


1110 


100410 


100410 


1112 


10213 


10213 


1114 


60502 


60502 


1116 


60502 


60502 


1120 


122424 


122424 


1122 


120427 


120427 


1124 


3 


7 


1126 


3735 


3735 


1130 


12700 


12700 


1132 


0 


0 


1134 


5007 


5007 


1136 


0 


0 
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TEV11 TERMINATOR 



GENERAL 

The TEV11 terminator module provides 120-ohm termination circuits 
as shown in Figure 1. 



FEATURES 

SPECIFICATIONS 

Identification 

Size 
Power 
Bus Loads 

AC 
DC 



M9400-YB 
Double 

+5 Vdc ± 5% at 0.54A 

0 
0 



DESCRIPTION 
General 

Each bus signal line terminates with two resistors as shown in Figure 2. 
These termination resistors are generally contained in a 16-pin, dual- 
in-line package which is identical to an IC package. Each package 
contains 14 termination pairs. The values used are shown in the figure. 
Daisy-chained grant signals are terminated and jumpered. BIAKI L is 
jumpered to BIAKO L and BDMGI L is connected to BDMGO L via 
factory-installed jumper W1 . 



+5 



\7 





M9400- YB 








120Q BUS 




TO/FROM 






TERMINATION 




SIGNAL ■ 








LINES 



180 ft 



390 ft 



Figure 1 TEV1 1 Functions * 

MR 1171 

Figure 2 Typical 
120-Ohm Bus Termination 
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TU58 CARTRIDGE TAPE DRIVE 
GENERAL 

The TU58 is a low-cost intelligent mass memory device that offers 
random access to block-formatted data on pocket-size cartridge 
media. It is ideal as a small computer systems device, as inexpensive 
archive mass storage, or as a software update distribution medium. A 
dual drive TU58 offers 512 Kb of storage space, making it one of the 
lowest cost complete mass storage subsystems available. 




Figure 1 Loading a Cartridge 
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FEATURES 

• 512 Kb per dual drive subsystem 

• RS422, RS423, and RC232-C serial line I/O 

• Reliable 30 inches per second read/write tape speed combined with 
60 inches per second bidirectional search speed 

• Flexible baud rates from 150 to 38,400 

• Complete tape subsystem on one P.C. module for compact 
mounting 

• Microprocessor-based subsystem with automatic soft-error recov- 
ery via rereads. 

SPECIFICATIONS 
Performance 

Capacity per cartridge 262,144 bytes, formatted in 512 



within eight automatic retries) 

Hard error rate with write verify 2 in 10 1 1 bits read/written 
and system correction 



blocks of 51 2 bytes each 



Data reliability 
Soft data error rate 



1 in 10 7 bits read (before self-cor- 
rection) 

1 in 10 9 bits read (unrecoverable 



Hard error rate 



Error checking 
Average access time 
Maximum access time 



28 seconds 



Checksum with rotation 



9.3 seconds 



Read/write tape speed 

Search tape speed 

Bit density 

Flux reversal density 

Recording method 

Medium 



DECtape II cartridge with 42.7 m 
(140 ft.) of 3.81 mm (0.150 in.) 
tape 

Size: 6.1 X 8.1 X 1 .3 cm (2.4 X 
3.2 X 0.5 in.) 



945 fr/cm (2400 fr/in.) 



76 cm/s (30 ips) 



315 bits/cm (800 bits/in.) 



Ratio encoding 



152 cm/s (60 ips) 
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Track format 
Drive 

Drives per controller 
Electrical 

Power consumption 
Module and 1 or 2 drives 

Serial interface standards 

Mechanical 

Drive 

Board (Module) 

Power connector to module 

Interface connector to module 



Two tracks, each containing 1024 
individually numbered, firmware- 
interleaved "records." Firmware 
manipulates four records at each 
operation to form 512-byte 
blocks. 

Single motor, head integrally cast 
into molded chassis. 

1 or 2. Only one may operate at a 
time. 



1 1 W, typical, drive running 
+5V ±5% at0.75A, maximum 
+12V + 10% -5% at 1.2A, peak 

0.6A average running 

0.1 A idle 

In accordance with RS422 or 
RS423; compatible with RS232-C. 



8.1 H X 8.3 D X 10.6 W cm (3.2 X 
3.3 X 4.1 in.) with 19 cm (7.5 in.) 
cable 0.23 Kg (0.516 lbs.) 

13.2 H X 26.5 D X 3.5 W cm (5.19 
X 1 0.44 X 1 .4 in.) 0.24 Kg (0.531 6 
lbs.) 

AMP 871 59-6 with 87027-3 con- 
tacts (DEC part nos. 12-12202- 
09, 12-12203-00) 

AMP 87133-5 with 87124-1 lock- 
ing clip contacts and 87179-1 in- 
dex pin (DEC part nos. 12-14268- 
02, 12-14267-00, 12-15418-00) 
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Environmental 

Maximum dissipation 

TU58-AB, TU58-BB 
Temperature 
TU58-AB.BB operating 

TU58-AB.BB nonoperating 

Medium operating 
temperature 

Maximum temperature 
difference between system 
ambient and TU58 module 

Relative Humidity, noncondensing 

TU58 operating 

Maximum wet bulb 

Minimum dew point 

Relative humidity 
TU58 nonoperating 
Medium nonoperating 



DESCRIPTION 
General 

The tape cartridges are DIGITAL Preformatted miniature reel-to-reel 
packages containing 42.7 m (140 ft.) of 3.81 mm (0.15 in.) wide tape. 
The tape is driven by a single puck which engages a roller which 
moves an elastomer drive belt in the cartridge. This belt loops around 
both tape spools and provides uniform tension and spill-free winding 
without mechanical linkages (Figure 1). The simple single-point drive 
mechanism allows high reliability for the entire system. 

The control and drive circuitry of the TU58 is located on a single circuit 
board. The motor, tape head control, driver, and switching circuits to 
manage the tape drives are located on the printed circuit board along 
with the subsystem's microprocessor. Operational amplifiers, com- 
parators, and logic circuits perform amplification, signal switching and 



34 Btu/hour 

15°C(59°F)to4 °C(108°F) 

-34°C (-30°F) to 60°C (140°F) 
0°C(32 o F)to50 o C(122°F) 

18°C(32.4°F) 



26°C(79°F) 
2°C (36°F) 
20% to 98% 
5% to 98% 
10% to 80% 
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conditioning, proportional control, and logic steering functions in the 
controller. The tape is protected by motor current limiting and an anti- 
runaway timer. Although the controller supports one or two drives, 
only one drive can operate at a time. Head selection and motor 
selection, speed and direction changes, etc., are managed by outputs 
from I/O ports on a peripheral IC. The mechanical actions of the drives 
themselves are supervised by the microprocessor to improve the sys- 
tem's performance. 



COMMAND 
PACKET 



CONTINUE 



DATA 
PACKET 



CONTINUE 



DATA 
PACKET 



END 

MESSAGE 
PACKET 



MA-3384 



Figure 2 An Exchange in Radial Serial Protocol 

Because of the microprocessor intelligence, requests from the host for 
data retrieval or storage need only contain simple specifications about 
the transfer. The controller positions the tape and performs the trans- 
fer without supervision from the host. 

The host and controller communicate in a format called Radial Serial 
Protocol (RSP). The RSP uses two kinds of byte sequences called 
message packets. Both commands and data packets have protocol 
information placed in specific locations in the byte sequence. This 
format is easily generated by the TU58, making host-peripheral inter- 
action possible at a high level with low cost. 

Figure 2 illustrates a typical RSP exchange between a host computer 
and theTU58. 
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The serial host interface operates on full-duplex, asynchronous 4- wire 
lines at jumper-selectable rates from 150 to 38,400 baud. The send 
and receive rates may be independently set with jumpers to operate in 
accordance with Electronic Industries Association (El A) Standards 
RS422 or RS423. When set to RS423, the TU58 is also compatible with 
devices complying with RS232-C. 

Figure 3 illustrates the structure of the TU58 system. The data path is 
along the top of the diagram, passing to the host through the proces- 
sor at the right. The drive control is at the lower left, also closely 
associated with the processor through the I/O ports. The ports, mem- 
ory, and universal asynchronous receiver-transmitter (UART) are tied 
to the processor by an 8-bit-wide data/address bus. 



HEAD 
SELECT 



MOTOR 
DRIVER 



MOTOR 
DRIVER 



SERVO AMP 
AND 
□ RIVE 
SELECT 



MP 



READ 
AMP 



TACH AND 
VELOCITY 
CONTROL 



WRITE AND 
ERASE LOGIC 
AND DRIVERS 



CONTROLLER 
INTERFACE 
I/O PORTS 



PEAK DETECTOR 
AND DECODER 



PROCESSOR 
8085 



RECEIVERS 



Figure 3 TU58 Block Diagram 

The cartridge drive motors are powered by servo-regulated speed and 
direction circuits. These are controlled by the processor, which moni- 
tors with tachometers and with signals from the tape. The heads are 
selected by processor-controlled switches and either feed the au- 
tomatic-gain-controlled (AGC) read amplifier and decoder circuits or 
are driven by write currents encoded by the processor. 
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The processor consists of an 8085 processor supported by firmware in 
a 2 Kb read-only memory (ROM) and by scratchpad and data buffer 
memory in a 256-byte random access memory (RAM). The processor 
communicates with the drive control circuity through a bidirectional 
I/O port. The UART exchanges data between the TU58 processor bus 
and the host computer via the serial line drivers and receivers. 

CONFIGURATION 

The TU58 is available in the following configurations with 
accompanying designations: 

Components 

TU58-AB Serial interface controller module, surface 

mounting, with one drive. 

TU58-BB Serial interface controller module, surface 

mounting, with two drives. 

Additional Supplies 

TU58-K preformatted tape cartridges. 
TUC-01 Tape Drive Cleaning Kit. 



OPERATION 

The TU58 may be supplied with power from a host system. It is ready 
for operation within 1 second of voltage stabilization. It does not need 
to be turned off when not in use; its idling power consumption is less 
than 5 W. 

When power is applied, the TU58 initializes itself, performs its internal 
diagnostic tests, and then asks the host for an acknowledgement be- 
fore it settles down to wait for instructions. Refer to the Programming 
section for a description of the required exchange. 

If power is removed while a tape is being written, data may be lost, but 
there are no other restrictions on power removal. 
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DRIVE PUCK 




HEAD 



SWINGOUT 
GATE 



TAPE 



TAPE ELASTOMER 
CARTRIDGE BELT 



Figure 5 Tape Cartridge Partially Inserted Into Drive 
Cartridge Loading 

The TU58 drive is designed to make correct loading easy. To load the 
cartridge, hold it label-up, line it up with the grooves in the chassis, 
and slide it in with a firm push. Figure 1 illustrates the fit of the car- 
tridge into the drive chassis grooves. 

Cartridge Unloading 

Unloading the cartridge is as simple as loading. Just pull it straight out. 
It is best to wait for the tape to stop, as indicated by the run light, 
before removing the cartridge. The mechanism cannot be damaged 
by removing the cartridge while the tape is moving, but if a write is in 
progress, data may be lost. An error message will be sent to the host if 
a command is interrupted by removal of a cartridge. 

Keeping Track of Cartridges 

If the TU58 is used in a non-file-structured system, the cartridge does 
not have an identifying number or label recorded on the tape. If a 
cartridge is changed, the TU58 will not know that a different cartridge 
was loaded; the operator must keep track of the contents of various 
cartridges. 
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Write Protect Tab 

Each tape cartridge has a movable tab which, when properly posi- 
tioned, protects data on the tape from unintended write operations. 
When this write protect tab (Figure 6) is in the inner position (toward 
the drive roller), it locks out the write circuity. 

When the write protect tab is in the outer position, it closes a switch in 
the chassis and allows the controller to write when it is commanded to. 
The operator should be sure that system or program tapes are backed 
up with copies before loading them into the TU58 with their write 
protect tabs set to record. 



WRITE PROTECT TAB IN 
PROTECT POSITION 




MOVE TO LEFT TO PROTECT 



Figure 6 Write Protect Tab 



Cartridge Storage and Care 

Store cartridges in their cases, away from dust and heat or direct 
sunlight. Do not touch the tape; there is no safe way to clean the tape 
and permanent errors may result. Keep tools and other ferrous or 
magnetic objects away. If a tape is suspected of having been exposed 
to environmental extremes as listed in the specifications and if the 
software operating system permits, wind it all the way through by 
requesting positioning to blocks at each end of the tape before at- 
tempting to store data on the cartridge. 
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MAINTENANCE 

Head and Puck Cleaning 

After 100 hours of tape running time or semi-annually, clean the head 
and motor puck with a long handled cotton applicator moistened with 
DEC cleaning fluid (from cleaning kit TUC-01), 95 percent isopropyl 
alcohol, fluorocarbon TF, 113 or equivalent (Figure 7). Push the puck 
around with the applicator to clean its entire surface. Regular cleaning 
minimizes tape and head wear and prevent tape damage and data 
errors caused by contamination. A new drive requires head cleaning 
after the first 20 hours of actual use. After this initial cleaning, 100 hour 
intervals are adequate. This is the only regular maintenance required 
for the TU58. 



I n I 


U-J II 









/ DRIVE PUCK TAPEV 



DRIVE PUCK JAPE HEAD 

MICROSWITCHES 



Figure 7 View Into Tape Drive Cartridge Slot 
PROGRAMMING 

The TU58 is controlled by a high-level command set that relieves the 
host computer of device-related operations such as tape positioning 
and read retries. The TU58 firmware contains subroutines that are 
activated by brief strings of command bytes. The command strings 
contain the numerical code for the operation to be performed and the 
location and size of data files that are to be transferred, when applica- 
ble. They also contain various housekeeping characters that are part 
of the Radial Serial Protocol (RSP) under which the byte sequences 
are defined. The byte sequences are called message packets and are 
designed to be transmitted by asynchronous interfaces. 

Block Number, Byte Count, and Drive Number 

The TU58 uses the block number and byte count to write or retrieve 
data. If all of the desired data is contained within a single 51 2- byte 
block, the byte count will be 512 or less. When the host asks for a 
particular block and a 512-or-less byte count, the TU58 will position 
the specified drive (unit) at that block and transfer the number of bytes 
specified. If the host asks for a block and also a byte count greater 
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than that of the 512-byte boundary, the TU58 will read as many 
sequential blocks as are needed to fulfill the byte count. The same 
process applies to the write function. This means that the host soft- 
ware or an on-tape file directory need only store the number of the first 
block in a file and the file's byte count to read or write all the data 
without having to know the additional block numbers. 

Special Handler Functions 

Some device-related functions are not dealt with directly in the RSP or 
in the TU58 firmware. 

A TU58 handler should check the success code (byte 3 of the RSP end 
message) for the presence of soft errors. This enables action to be 
taken before hard errors (permanent data losses) occur. For example, 
if the number of retries on a particular cartridge reaches some value, a 
message like "Tape Maintenance Required" could be presented to the 
operator. This would suggest that prompt tape copying and head 
cleaning is in order. 

RADIAL SERIAL PROTOCOL (RSP) 
Message Packets 

All communication between the TU58 and the host is divided into 
message packets, which are groups of bytes arranged in fixed order. 
Position within the packet determines the meaning of each byte. There 
are three kinds of message packets: command, data, and end mes- 
sages. The end message is a special case of the command packet. In 
addition, there are three single-byte protocol management messages: 
INIT, Continue, and XOFF. 

Each packet begins with a flag byte, which announces its contents. 
The next byte in a message packet is the byte count. This is the num- 
ber of message characters in the packet, excluding the flag, byte 
count, and checksum. Up to 128 message bytes may be in each pack- 
et. Larger blocks of data are sent with multiple packets. The last two 
byte pairs of the message packet are a 16-bit checksum. The check- 
sum is formed by summing sucessive byte pairs taken as 16-bit words 
and using an end-around carry from bit 15 to bit 0. The flag and byte 
count are included in the checksum. 
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Flag Byte Op Codes 

Bits 7-5 of the op code are reserved. 



01. 


00001 


Data 


02 8 


00010 


Control (command) 


04 8 


00100 


INIT 


10 8 


01000 


Bootstrap 


20 8 


10000 


Continue 


23 8 


10011 


XOFF 



Data This flag informs the receiver that data rather than 

commands are arriving. The receiver loads the in- 
coming bytes into a buffer area in memory. It does 
not look for an op code to execute. 

Command The command flag informs the TU58 that a com- 
mand packet follows. An instruction code will be in 
this packet. The flag is particularly important when 
the TU58 encounters an error condition. In this case, 
it sends an end packet before data transfer is 
complete. The host knows that the end packet has 
been sent because the packet received has a com- 
mand flag instead of a data flag. 

INIT This op code is sent from the host to cause the TU58 

to execute its power-up sequence. The TU58 returns 
Continue after completion. It is sent from the TU58 to 
the host to indicate that the power-up sequence has 
occurred. When the TU58 makes a protocol error or 
receives an invalid command, it reinitializes and 
send INIT continuously to the host. When the host 
recognizes INIT, it send Break to the TU58 to restore 
the protocol. 

Bootstrap A flag byte saying Bootstrap (octal 1 0), followed by a 

byte containing a drive number, causes the TU58 to 
read block 0 of the selected drive. It returns the 512 
bytes without radial serial packaging. This simplifies 
bootstrap operations. Bootstrap may be sent by the 
host instead of a second INIT as part of the initializa- 
tion process described below. 
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Continue After a message is sent from host to the TU58, the 

host must wait until the TU58 sends Continue before 
any more messages can be sent. This permits the 
TU58 to control the flow of data. 

XOFF Ordinarily, the TU58 does not have to wait between 

messages to the host. However, if the host is unable 
to receive all of a message from the peripheral at 
once, it may send XOFF. The TU58 stops transmit- 
ting immediately and waits until the host sends Con- 
tinue to complete the transfer when it is ready. (Two 
characters may be sent by the UART to the host after 
the TU58 receives XOFF). 

Break and Initialization 

Break is a unique logic entity that can be interpreted by the TU58 and 
the host regardless of the state of the protocol. Break is transmitted 
when the serial line, which normally switches between two logic states 
called mark and space, is kept in the "space" condition for more than 
one character time. This causes the TU58's UART to set its framing 
error bit. The TU58 will interpret the framing error as break. 

Break has two applications in the TU58: one is routinely used, and the 
other is for special conditions. When the TU58 is powered up, it per- 
forms its internal checkout and initialization and then transmits INITs 
continuously to the host to inform the host that it is present. The host 
acknowledges the TU58 by sending break for a minimum of one 
character time, and then sending two INITs. The TU58 responds with 
Continue and enters an idle state in which it will wait for further instruc- 
tions. 

If communications break down, due to any transient problem, the host 
may restore order by sending break and INIT as outlined above. What- 
ever faulty operations were underway will be cancelled, and the TU58 
will reinitialize itself, return Continue, and wait for instructions. 

With DIGITAL serial interfaces, the initialize sequence may be sent by 
the following sequence of operations. Set the break in the transmit 
control status register, then send two null characters. When the trans- 
mit ready flag is set again, remove the break bit. This will time Break to 
be one character time long. The second character will be discarded by 
the TU58 controller. Next, send two INIT characters. The first will be 
discarded by the TU58. The TU58 will respond to the second INIT by 
sending Continue. When Continue has been received, the initialize 
sequence is complete and any command packet may follow. 
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COMMAND SET 

The command set for the TU58 provides capabilities for random ac- 
cess operations. To allow for future development, certain op codes in 
the command set have been reserved; these commands have 
unpredictable results and should not be used. Op codes not listed in 
the command set are illegal and result in the return of an end packet 
with the "bad op code" success code. 

A data transfer operation uses three or more message packets. The 
first packet is the command packet from host to the TU58. Next, the 
data is transferred in 128-byte packets in either direction (as required 
by read or write). After all data is transferred, the TU58 sends an end 
packet. If the TU58 encounters a failure before all data has been trans- 
ferred, it sends the end packet as soon as the failure occurs. 

Command Packets 

The command packet format is shown in Table 1. Bytes 0, 1, 12, and 
1 3 are the message delivery bytes. Their definitions are as follows. 



Table 1 Command Packet Structure 



Byte Byte Contents 

0 Flag = 0000 0010 (02 8 ) 

1 Message Byte Count = 0000 1010 (12 8 ) 

2 Op Code 

3 Modifier 

4 Unit Number 

5 Switches 

6 Sequence Number— Low 

7 Sequence Number— High 

8 Byte Count— Low 

9 Byte Count— High 

10 Block Number— Low 

11 Block Number— High 

12 Checksum— Low 

13 Checksum— High 

a 0 Flag This byte is set to 00000010 to 

indicate that the packet is a 
Command packet. 
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12, 13 



Message Byte Count 



Checksum 



Number of bytes in the packet 
excluding the four message 
delivery bytes. This is decimal 
10 for all command packets. 

The 16-bit checksum of bytes 
0 through 1 1 . The checksum is 
formed by treating each pair of 
bytes as a word and summing 
words with end-around carry. 



The remaining bytes are defined as follows. 



2 Op Code 

3 Modifier 

4 Unit Number 

5 Switches 

6, 7 Sequence Number 

8, 9 Byte Count 



10,11 Block Number 



Operation being commanded. 
Refer to Table 2 for definitions. 

Permits variations of com- 
mands. 

Selects drive 0 or 1 . 

Selects maintenance mode. 

Always zero for TU58. 

Number of bytes to be trans- 
ferred by a read or write com- 
mand. Ignored by other com- 
mands. 

The block number to be used 
by commands requiring tape 
positioning. 
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Table 2 Instruction Set 



Decimal 



Op Code 
Octal 



Op Code 
Instruction 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 



0 

1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 



NOP 
INIT 
Read 
Write 



(Reserved) 
Position 



(Reserved) 
Diagnose 
Get Status 
Set Status 
(Reserved) 
(Reserved) 



Maintenance Mode — Setting bit 4 of the switches byte (byte 5) to 1 in 
a read command inhibits retries on data errors. Instead, the incorrect 
data is delivered to the host followed by an end packet. The success 
code in the end packet indicates a hard data error. Since data is 
transmitted in 128-byte packets, a multiple packet read progresses 
normally until a checksum mismatch occurs. Then the bad packet is 
transmitted, followed by the end packet, and the operation terminates. 

Special Address Mode — Setting the most significant bit of the modi- 
fier byte to 1 selects special address mode. In this mode, all tape 
positioning operations are addressed by 128-byte blocks (0-2047) in- 
stead of 51 2- byte blocks (0-51 1). Zero-fill in a write operation only fills 
out to a 128-byte boundary in this mode. 

Data Packets 

The data packet is shown in Table 3. The flag byte is set to 00000001. 
The number of data bytes may be between 1 and 128 bytes. For data 
transfers larger than 128 bytes, the transaction is broken up and sent 
128 bytes at a time. The host is assumed to have enough buffer ca- 
pacity to accept the entire transaction, whereas the TU58 only has 128 
bytes of buffer space. For write commands, the host must wait 
between message packets for the TU58 to send the Continue flag 
(00010000) before sending the next packet. Since the host has enough 
buffer space, the TU58 does not wait for a continue flag between 
message packets when it sends back read data. 



645 



TU58 



Table 3 Data Packets 



Byte 

0 



2 
3 



Byte Contents 

Flag = 0000 001 
Byte Count = M 
First Data Byte 
Data 



M 



Data 



M+1 
M+2 
M+3 



Last Data Byte 
Checksum L 
Checksum H 



End Packets 

The end packet is sent to the host by the TU58 after completion or 
termination of an operation or on an error. The end packet is shown in 
Table 4. The definition of bytes 0, 1 , 12, and 13 are the same as for the 
command packet. The remaining bytes are defined as follows. 

Byte 2 Op Code— 01 00 0000 for end packet 

Byte 3 Octal Success Code 



0 -0 = Normal 

1 -1 = Success but with Retries 
377 -1 = Failed Self-Test 

376 -2 = Partial Operation (End of Medium) 

370 -8 = Bad Unit Number 

367 -9 = No Cartridge 

365 -11 = Write Protected 

357 -17 = Data Check Error 

340 -32 = Seek Error (Block Not Found) 

337 -33 = Motor Stopped 

320 -48 = Bad Op Code 

31 1 -55 = Bad Block Number (i.e., > 51 1 ) 



Byte 4 



Unit Number 0 or 1 for Drive Number 



Byte 5 



Always 0 
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Bytes 6, 7 Sequence Number — always 0 as in com- 

mand packet 

Bytes 8, 9 Actual Byte Count — number of bytes han- 

dled in transaction. In a good operation, this 
will be the same as the data byte count in 
the command packet. 

Bytes 1 0, 1 1 Summary Status 

Byte 10 
BitO 



Byte 1 1 Reserved 
BitO 
1 
2 
3 

4 Logic Error 

5 Motion Error 

6 Transfer Error 

7 Special Condition (Errors) 



Table 4 End Packet 



Byte 


Byte Contents 


0 


Flag = 0000 0010 


1 


Byte Count = 0000 1010 


2 


Op Code = 0100 0000 


3 


Success Code 


4 


Unit 


5 


Not Used 


6 


Sequence No. L 


7 


Sequence No. H 


8 


Actual Byte Count L 


9 


Actual Byte Count H 


10 


Summary Status L 


11 


Summary Status H 


12 


Checksum L 


13 


Checksum H 
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THE INSTRUCTION SET 

The instructions and their op codes are shown in Table 2. The follow- 
ing is a brief description and usage example of each. 

OP CODE 0 NOP 

This instruction causes the TU58 to return an end packet. There are no 
modifiers to NOP. The NOP packet is shown below. 

BYTE 



0 


0000 


0010 


FLAG 


1 


0000 


1010 


MESSAGE BYTE CNT 


2 


0000 


0000 


OPCODE 


3 


0000 


0000 


MODIFIER 


4 


0000 


ooox 


UNIT NUMBER (IGNORED) 


5 


0000 


0000 


SWITCHES (NOT USED) 


6 


0000 


0000 


SEQ NO. 


7 


0000 


0000 


SEQ NO. NOT USED 


8 


0000 


0000 


BYTE COUNT L NO DATA 


9 


0000 


0000 


BYTE COUNT H INVOLVED 


10 


0000 


0000 


BLOCK NO. L NO TAPE 


11 


0000 


0000 


BLOCK NO. H POSITION 


12 


0000 


001 X 


CHECKSUM L 


13 


0000 


1010 


CHECKSUM H 


The TU58 returns the following end packet. 


0 


0000 


0010 


FLAG 


1 


0000 


1010 


MESSAGE BYTE CNT 


2 


0100 


0000 


OPCODE 


3 


0000 


0000 


SUCCESS CODE 


4 


0000 


ooox 


UNIT NUMBER (IGNORED) 


5 


0000 


0000 


NOT USED 


6 


0000 


0000 


SEQ. L 


7 


0000 


0000 


SEQ. H NOT USED 


8 


0000 


0000 


ACTUAL BYTE CNTL NO DATA 


9 


0000 


0000 


ACTUAL BYTE CNTH INVOLVED 


10 


0000 


0000 


SUMMARY STATUS L 


11 


xxxx 


xxxx 


SUMMARY STATUS H 


12 


ooox 


xxxx 


CHECKSUM L 


13 


xxxx 


xxxx 


CHECKSUM H 
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OP CODE 1 INIT 

This instruction causes the TU58 controller to reset itself to a ready 
state. No tape positioning results from this operation. The command 
packet is the same as for NOP except for the op code and the resultant 
change to the low order checksum byte. The TU58 sends the same 
end packet as for NOP after reinitializing itself. There are no modifiers 
to INIT. 

OP CODE 2 Read, and Read with Increased Threshold 

This instruction causes the TU58 to position the tape in the drive 
selected by Unit Number to the block designated by the block number 
bytes. It reads data starting at the designated block and continues 
reading until the byte count (command bytes 8 and 9) is satisfied. After 
data has been sent, the TU58 sends an end packet. Byte 3 indicates 
success, success with retries, or failure of the operation. In the event of 
failure, the end packet is sent all the time of failure without filling up the 
data count. The end packet will be recognized by the host by the flag 
byte. The host will see a command flag (0000 0010) instead of a data 
flag (0000 0001). 

There is one modifier to the read command. A modifier of 0000 0001 
causes the TU58 to read the tape with an increased threshold in the 
data recovery circuit. This makes the tape drop bits if any weak spots 
are present. Thus, if the TU58 can read error-free in this mode, the 
data is healthy. The read transaction between TU58 and host is shown 
in Figure 8. 

HOST I TU58 



COMMAND 
PACKET 
IREAD SIO BYTESI 



DATA 
128 BYTES 



DATA 
128 BYTES 



DATA 
128 BYTES 



DATA 
126 BYTES 



Fig u re 8 Read Com mand Packet Exchange 
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OP CODE 3 Write, and Write and Read Verify 

This op code causes the TU58 to position the tape in the selected drive 
to the block specified by the number in bytes 10 and 11 of the com- 
mand packet and write data from the first data packet into that block. It 
writes data from subsequent data packets into one or more blocks 
until the byte count called out in bytes 8 and 9 of the command packet 
has been satisfied. 

The controller automatically zero-fills any remaining bytes in a 512- 
byte tape block. 

There is one modifier permitted with the write command. A modifier of 
000 0001 causes the TU58 to write all of the data and then back up and 
read the data just written with increased threshold and test the check- 
sum of each record. If all of the checksums are correct, the TU58 
sends an end packet with the success code set to 0 (or 1 if retries were 
necessary to read the data). Failure to read correct data results in a 
success code of -17 (1 1 10 1 1 1 1) to indicate a hard read error. 

The write operation has to cope with the fact that the TU58 only has 
128 bytes of buffer space. It is necessary for the host to send a data 
packet and wait for the TU58 to write it before sending the next data 
packet. This is accomplished using the continued flag. The continue 
flag is a single byte response of 001 0000 from TU58 to host. The write 
operation is shown for both write and write/verify operations in Figure 
9. 

OP CODE 4 (RESERVED) 
OP CODE 5 POSITION 

This command causes the TU58 to position tape on the selected drive 
to the block designated by bytes 10 and 11. After reaching the select- 
ed block, it sends an end packet. No modifiers are used. 

OP CODE 6 (RESERVED) 
OP CODE 7 DIAGNOSE 

This command causes the TU58 to run its internal diagnostic program 
which tests the processor, ROM, and RAM. Upon completion, TU58 
sends an end packet with appropriate success code (0 = Pass, -1 = 
Fail). 

OP CODE 8 GET STATUS 

This command is treated as an NOP. The TU58 returns an end packet. 
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OP CODE 9 SET STATUS 

This command is treated as an NOP because TU58 status cannot be 
set from the host. The TU58 returns an end packet. 

OP CODE 10 (RESERVED) 
OP CODE 11 (RESERVED) 



HOST 



TU58 



COMMAND 
PACKET 
WRITE 

620 
BYTES 



DATA 
128 BYTES 



DATA 
128 BYTES 



DATA 
108 BYTES 



TAPE POSITIONS 
AND WRITES DATA 



CONTINUE 



DATA 


1 


128 BYTES 






TAPE POSITIONS 






AND WRITES DATA 






CONTINUE 












DATA 








128 BYTES 




TAPE POSITIONS 



AND WRITES DATA 



CONTINUE 
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Figure 9 Write Command Packet Exchange 
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DRIVE AND MODULE INSTALLATION 

Figures 10 and 11 provide the mounting dimensions for the circuit 
board (module) and drive mechanism. The drive has a 19 cm (7.5 in.) 
cable which plugs into the module header with the wires coming out of 
the plug toward the center of the module. The plug is keyed to ensure 
proper orientation. The cartridge extends 1.60 cm (0.62 in.) from the 
front of the drive. If the drive is recessed in a panel, clearance must be 
provided around the opening for fingers to grip the cartridge. Ideally, 
the cartridge slot in a front panel will be somewhat larger than mini- 
mum, to allow easy insertion. The opening should be at least the 
dimensions of the cartridge, 1.3 cm (0.5 in.) X 8.1 cm (3.2 in.),1ocated 
not more than 0.53 cm (0.17 in.) above the bottom mounting surface. 

The module should be mounted on a flat surface with 3 mm (4-40) 
hardware and 1 cm (3/8 in.) standoffs. Both the module and the drive 
may be mounted at any angle. For mounting to a surface above the 
drives, the 1.80 cm (0.71 in.) clearance is required; hole spacing is 
given in the outline drawings. For mounting to a surface below the 
drives, an 8.18 cm (3.22 in.) X 8.89 cm (3.50 in.) chassis cutout is 
required, with the same mounting hole spacing. 

CAUTION 

The mounting surface for the drives must be flat within 
0.64 cm (0.025 in.). 

INTERFACE STANDARDS SELECTION AND SETUP 

The TU58 is shipped with factory-installed jumpers for a transmission 
rate of 38.4 kilobaud and the RS-423 unbalanced line interface (Figure 
14). A variety of standards and rates may be selected by changing the 
jumpers on the controller module. Table 5 provides a list of all the pins 
on the board and their functions, including the wire-wrap (WW) pins, 
interface, and power connectors. 
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DEC TU58-K CARTRIDGE 



2.36' 
(93), 



(1.43) t(22) 
3.63 .56 



set 



- L 



K3.50-* 
(1 38) DIA 
8.89 

"(3.50) 



T 

(.71) 
1.80 



MEASUREMENTS ARE IN 
CENTIMETERS EXCEPT 
VALUES IN PARENTHESES 
ARE IN INCHES. 



Figure 10 Drive Outline Drawings 
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SERIAL INTERFACE 
CONNECTOR 



4.72 
1.8 
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.48 
r~ (.19) 



13.20 
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12.235 
14.817) 



MEASUREMENTS ARE IN 
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PARENTHESES ARE IN INCHES 
MEASUREMENTS ARE ± .013 (.005) CENTER TO 
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Figure 1 1 Module Outline Drawing 



Table 5 TU58 Module Connections 



Wire-Wrap 




Pins 




WW1 


150 baud 


WW2 


300 baud 


WW3 


600 baud 


WW4 


1200 baud 


WW5 


2400 baud 


WW6 


4800 baud 


WW7 


9600 baud 


WW8 


19,200 baud 


WW9 


38,400 baud 


WW10 


UART Receive Clock 


WW11 


UART Transmit Clock 


WW12 


Auxiliary A (to interface connector pin L) 


WW13 


Auxiliary B (to interface connector pin A) 
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WW 14 


Factory Test Point 






WW 1 0 


Ground 






WW ID 


Boot Connect together for auto-boot on power-up 




RS-423 Driver 






WW18 


RS-423 Common (Ground) 




WW19 


Transmit Line + 






WW20 


Transmit Line - 






WW21 


RS-422 Driver + 






WW22 


RS-422 Driver - 






WW23 


Receiver Series Resistor 




WW24 


(Jump for RS-422) 






Serial Interface Connector 






J2-10 


Auxiliary B 


J2-5 


Ground 


J2-9 


Ground 


J2-4 


Transmit Line - 


J2-8 


Receive Line + 


J2-3 


Transmit Line + 


J2-7 


Receive Line - 


J2-2 


Ground 


J2-6 


Key (no connection) 


J2-1 


Auxiliary A 


Power Input Connector 






J1-1 


+12V 






J1-3 


Ground 






J1-5 


+5V 






J1-6 


Ground 






Drive Cable 






J3.4-1 


CartL 


J3.4-9 


LED 


J3.4-2 


No Connection 


J3.4-10 


Head Shield Ground 


J3.4-3 


Permit L 


J3.4-11 


Erase Return 


J3.4-4 


Signal Ground 


J3.4-12 


Erase 1 


J3.4-5 


Motor + 


J3.4-13 


Erase 0 


J3.4-6 


Motor - 


J3.4-14 


Head Return 


J3.4-7 


+ 12V 


J3.4-15 


HeadO 


J3.4-8 


Tachometer 


J3.4-16 


Head 1 
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1200 4K 
M FT 



300 IK 

M FT 

1 50 500 

M FT 

CABLE 
LENGTH 

30 100 

M FT 

15 50 

M FT 



3 10 

M FT 300 600 1K 2K 5K 10K 20K 40K 

DATA RATE IN BAUDS 
RS-423 

MA-23S8 

Figure 1 2 Data Rate and Cable Length for RS-423 



Selecting Interface Standards 

The serial interface operates on full-duplex, asynchronous 4- wire lines 
at rates from 150 baud to 38.4 kilobaud. The transmit and receive 
rates may be independently set. Each 8-bit byte is transmitted with 
one start bit, one stop bit, and no parity. The line driver and receiver 
may be set to operate with EIA RS-422 balanced or RS-423 unbal- 
anced signal standards. When set to RS-423, the TU58 is compatible 
with devices complying with RS232-C. 

The TU58 is shipped prewired for operation at 38.4 kilobaud transmit 
and receive on RS-423. The maximum wire length that may be used at 
the data rate in an electrically quiet environment is approximately 27 
m (90 ft.). The wire used with any installation should be no less than 24 
AWG diameter. 

Longer wire runs may be made if data rates are reduced. RS-422 is 
considerably more noise-immune than RS-423 and can be used over 
at least 1200 m (4000 ft.) at any TU58 data rate. Figure 12, derived 
from the EIA standards, illustrates the variations in distance needed by 
RS-423 for different data rates. For more information, consult the 
standards for RS-422 and RS-423 published by the Electronic Indus- 
tries Association. 
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Connecting Standard Jumpers 

The jumper pins are standard 0.635 mm (0.025 in.) wire-wrap posts 
which may be connected using 30 AWG wire and a hand tool. Other 
techniques that may be used include slip-on connectors such as DEC 
H821 Grip Clips, 915 patchcords, 917 daisy-chain, or soldering. 

The baud rates may be set independently for transmission and recep- 
tion, or both can operate together. Simply connect the pin with the 
desired baud value to either the XMIT or RCV pins or both. Figure 13 
illustrates the pin locations, and Figure 14 shows the factory-wired 
configuration. 




Figure 13 Interface Selection Jumper Pin Locations 
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38.4 kbaud RCV + TRANS RS-423 



□ □ D □ 




MA-2383 



Figure 1 4 Factory Wiring 

The interface standards may be selected by connecting sets of pins 
together. The connections are listed in abbreviated form in Figure 13. 
The group of pins 17 through 24 are the interface pins. The module is 
shipped prewired for RS-423 with pin 17 connected to pin 19, and pin 
18 connected to pin 20. No other pins in the group are connected. 

For RS-422, pin 21 should be tied to pin 19, pin 22 to pin 20, and pin 23 
to pin 24. No other pins in the group are connected. 

BLOCK DIAGRAM 

Figure 3 shows the signal and control paths between the various ele- 
ments of the TU58 and between the TU58 and its internal microproc- 
essor. This diagram illustrates the control the microprocessor has 
over activities in the TU58. 

Data Flow, Tape to Interface 

The tape track is selected by signals from the I/O ports. Recorded 
data passes through the selection circuits to the read amplifier. There, 
the signal amplitude is adjusted to a standard level by the automatic 
gain control (AGC) action of the circuit. The Gain Reduce signal allows 
detection of weak recordings. The slope changes of the sinusoidal 
signal are sensed by the peak detector that produces a squarewave 
with a duty cycle similar to that of the original encoded data. The duty 
cycle is decoded to data bits by an integrater in the bit detector that 
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delivers the bits to the microprocessor serial data input (SID) with a 
strobe signal from the peak detector. 

The microprocessor deserializes the read data and stores it in the data 
buffer area of memory. After a 128-byte record has been stored, a 
checksum calculated from the read data is compared with the 
checksum read from the tape. If they do not match, retries are at- 
tempted. Failure is indicated to the host in an end packet. Success 
results in the transfer of the data, one byte at a time, to the interface. If 
the unit has a parallel interface, the data is transferred eight bits at a 
time upon receipt of a strobe from the host. If the unit has a serial 
interface, the data is loaded into a UART and transmitted through line 
drivers with one start bit and one stop bit. A charge pump supplies 
negative voltage for the bipolar EIA line drivers since the power supply 
only produces positive voltages. 

Data Flow, Interface to Tape 

Data enters the interface and is latched (parallel) or deserialized and 
stored in a register (serial). The microprocessor receives a ready sig- 
nal from the interface and transfers the data to a buffer area in memo- 
ry. The data then re-enters the microprocessor, is serialized, ratio- 
encoded, and sent to the write circuit through the serial data output 
(SOD). When the write circuit interlock is released by the cartridge- 
activated write permit switches on the drives, write current is delivered 
to the correct head gap by selection circuits under microprocessor 
control. The erase circuit control logic is part of this control loop. 

VELOCITY CONTROL 
Velocity Sensing 

Each motor has a LED lamp focussed on a phototransistor through a 
slotted disk on the motor shaft. (Only the activated drive delivers a 
tachometer signal.) This optical tachometer output is amplified and 
shaped by a comparator to produce a pulse rate proportional to the 
shaft speed of the motor. The buffered pulses from the optical ta- 
chometer go into an 18-bit shift register. The clock for the shift register 
is selected to give a quarter-period delay to the pulses at the desired 
shaft speed. The delayed and undelayed pulses are then exclusive- 
ORed to yield a pulse width modulated representation of the actual 
velocity. Modulation occurs because the shift-register delay, a fixed 
amount of time, is a different fraction of a period for different 
tachometer frequencies. Therefore, the amount of overlap varies 
between delayed aand undelayed waves. The overlap is extracted by 
the exclusive-OR gate, averaged to a dc level by a capacitor, and 
buffered by an operational amplifier (op amp). 
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Figure 1 5 Tape Motion Control 
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Figure 16 Motor Bridge 
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Figure 1 7 Velocity Change Waveforms 
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HEAD SELECTION 

The read/write heads are selected by signals from the microproces- 
sor. The microprocessor generates a SEL DRV B signal to choose the 
head. The gap for track 0 or track 1 is chosen by SEL 0 H from the 
microprocessor. The selected head gap is connected to the read and 
write circuitry through a dual 4 to 1 multiplexing analog switch IC. The 
IC's dual circuits are paralleled to minimize series resistance in the low 
impendance write driver circuit. The common taps of both heads are 
connected together, so only one lead per gap needs to be switched. 

WRITE CIRCUIT AND INTERLOCK 

The write drivers are two transistors (Q2, Q3) arranged as a constant 
current source and sink operating at 7.5 mA. They use tristate buffers 
as data-gated switches and return paths. Writing is gate-interlocked 
by the mechanical interlock on the cartridge in the drive being select- 
ed. Also, the microprocessor tests the mechanical switch for the Write 
Permit signal before turning on write current. Attempting to write while 
the cartridge is write-protected results in an error report to the host. 
The microprocessor Write Enable signal turns the write current on and 
off at the proper times. In the absence of write enabling, the tristate 
outputs become open-circuited and source and sink transistors Q2 
and Q3 are biased off. 

ERASE CIRCUIT 

Erase gaps are selected by the same pair of signals that select 
read /write gaps. They are also enabled by ERASE EN A L. A 26 mA 
current source supplies the erase gaps in common. Current through 
the desired gap is passed to ground through a peripheral driver (high 
current capacity) gate which is part of a decoder for the control sig- 
nals. A diode across each erase head winding clamps the inductive 
voltage spike when the erase current is turned off. 

DATA ENCODING AND DETECTION 

Data is recorded on tape using the ratio encoding method. Each data 
bit is given a cell with room for three flux reversals. After an initial 
positive transition, only one of the remaining reversal positions is 
used, if the reversal occurs in the first available position, the bit is a 
zero. If it occurs in the second position, the bit is a one. These position 
shifts correspond to duty cycles or ratios of 1/3 and 2/3 (Figure 18). To 
compensate for waveform distortion in the recording process, the 
actual write encoding ratio is % to 3/4. 
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Figure 18 Data Encoding and Decoding 



The beginning of a bit cell is defined by a positive peak at the read 
amplifier. The second flux reversal is defined by the next negative 
peak. The peaks are detected by a comparator. 

The read amplifier output is fed to one input of the comparator. The 
same signal is phase-shifted and fed to the other output. The output is 
high for a positive slope input and low for a negative slope input. A 
small amount of hysteresis is added to prevent oscillation at the zero- 
sloped-point. 

The output of the comparator has a duty cycle similar to that of the 
original encoded signal. The data are recovered using an integrater as 
shown in Figure 18B. The integrater is discharged by an analog switch 
on the positive edge of the data waveform. The integrater is sampled 
by a flip-flop on the next edge. If the integrater is positive at sample 
time, the recorded bit was one. If the integrater is negative at sample 
time, the bit was zero. 

Decoded data is delivered to the serial data input (SID) on the 8085 
microprocessor, while a strobe corresponding to the moment of integ- 
rater sampling triggers an interrupt to get the microprocessor to store 
the data bit in a register. 
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Figure 1 9 Read Amplifier and Automatic Gain Control 

READ AMPLIFIER AND AUTOMATIC GAIN CONTROL 

An op amp amplifies the signals coming from the selected head. Au- 
tomatic gain control (AGC) maintains a constant output to following 
stages in the presence of large variations in output from the tape 
because of worn tape or recording variations (Figure 19). 

CHARGE PUMP 

The principle behind the operation of the charge pump is that of 
charge storage in a capacitor. This is illustrated by the simplified ex- 
ample in Figure 20. Assume that a capacitor is connected between a 
positive charge source, e.g., +12V and ground. Electrons will accumu- 
late at the grounded end. If the capacitor is disconnected from the 
source and ground, it still has 12V across it, because the electron 
charge accumulated may not move. If the original positive end is con- 
nected to ground, the 12V extends its polarity below ground because 
now there is an excess of electrons relative to ground. This negative 
potential is available to do work at a rate subject to the charge capacity 
of the storage element (capacitor). 
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+ 12 VOLTS 




Figure 20 Simplified Charge Pump 

MARK FINDER 

A specially encoded signal is recorded on the DECtape II as part of the 
formatting operation. The signal is recorded at one quarter of the 
normal bit density and is located at the beginning and end of the tape 
(BOT and EOT) and also between each of the formatted records. The 
signal is called a mark and indicates the location of the beginning of 
each record header. This allows the microprocessor to count the pas- 
sage of records past the head at winding speed, and alerts the 
microprocessor when the tape enters the BOT or EOT regions. Header 
marks and BOT-EOT marks are distinguished by different bit patterns. 
BOT is all zeros, EOT is all ones, and the header mark alternates ones 
and zeros. The mark is detected by a circuit that detects the lower bit 
density of the mark compared with normal data. The microprocessor 
sets up the timer in the 8155 to provide a clock to the mark finder. The 
clock is chosen to allow the MARK H output to be set while the pulse 
rate coming in through the read strobe input is lower than that of the 
timer. MARK H appears at an input port that is examined by the mark- 
detecting routine in the microprocessor. 

INTERFACES 
Serial Interface 

Data moves within the TU58 microprocessor on an 8-bit parallel bus. 
Data is transferred between the TU58 and the host computer through 
a full-duplex asynchronous serial interface that uses one signal loop 
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. (conductor pair) for each direction. The universal asynchronous re- 
ceiver/transmitter (UART) performs the parallel to serial and serial to 
parallel conversions that make the economy of wire possible. The 
UART, a single IC, contains circuitry allowing wired programming of its 
conversion format, plus microprocessor bus protocol management, 
and the capability to detect conversion and timing errors. 

MICROPROCESSOR AND MEMORY 

All TU58 activities are supervised or directly controlled by an 8085 
microprocessor. The microprocessor operates with firmware stored in 
a 2K x 8 read-only memory (ROM). Scratchpad memory for the mi- 
croprocessor computations, and a 128-byte buffer for data coming 
from the host, are located in a 256 x 8 random access memory (RAM). 

I/O Ports 

The I/O ports provides most of the communication paths between the 
microprocessor and the TU58 hardware. Port A provides the inputs for 
the various status signals from the mechanism, such as cartridge pre- 
sent and write permit. Port B delivers control signals to the system, 
such as velocity and direction commands. Port C controls the self-test 
indicator lamp and causes the interface to the host to transmit Break 
as a part of the boot sequence. 

Port C also carries three signals useful for module testing. Test Point 1 
(pin 1) pulses high when the header of a sought record is successfully 
read (confirmed by the record number complement). Test Point 2 (pin 
2) pulses high each time the header of any record is unsuccessfully 
read. Test Point 3 (pin 38) pulses high after a record of data is read but 
fails the checksum test. 

Registers and Timer 

The 8155 registers control the operation of the I/O ports and timer. 
The registers are addressed as I/O locations like the ports. The con- 
trol/status register defines the ports as input or outputs and sets the 
timer start and stop characteristics. The timer registers define the 
cycle characteristics and load the value required to generate the 
desired pulse interval with the system clock at the timer's clock input. 
A 14-bit counter, parallel-loaded by the registers, provides the timer 
function. 

FIRMWARE 

The TU58 operates under control of a microprocessor whose instruc- 
tions are stored in a ROM. These instructions, called firmware, define 
the functions and capabilities of the TU58 as an integral part of the 
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normal TU58 operation. No extensive coverage is attempted because 
firmware problems cannot be repaired in any direct way. The self-test 
checks for proper contents in the ROM and halts the processor if a 
fault is detected. The self-test checks other things as well but does not 
isolate the problem to a particular component. Field repair is the re- 
placement of the module. 



RECOGNIZE INIT 
SEND BREAK 



POWER-ON RESET (OR ERROR) 
INITIALIZE 
'SEND INITS CONTINUOUSLY 
UNTIL BREAK IS RECEIVED 



RECEIVE.BREAK 
WAIT FOR' INIT 



RECEIVE FIRST CHARACTER 
AND DISCARD 



RECEIVE CONTINUE 
SEND MESSAGE PACKET ; 
FLAG BYTE 



RECEIVE SECOND CHARACTER 
REINITIALIZE 
. SEND CONTINUE AND 
LOOP IN IDLE 



RECEIVE FLAG BYTE 
TEST FOR COMMAND OR DATA. 
IF COMMAND. STORE MESSAGE 
BYTES IN LABELED LOCATIONS. 
IF DATA. STORE MESSAGE BYTES 
IN DATA BUFFER. 



PERFORM INSTRUCTIONS. IF 
DATA IS COMING FROM HOST, 
SEND CONTINUE AS REQUIRED. 



Figure 21 Host TU58 Power-Up Interchange 
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SERIAL VIDEO MODULE 
GENERAL 

The VK170 module forms an integral part of a terminal. The module 
accepts serial ASCII encoded data to be stored in a refresh memory to 
generate a display for a video monitor. The VK170 also accepts paral- 
lel data from a keyboard (on strobe demand) to generate serial ASCII 
output. 

The VK170 is an extended-length, double-height, single-width board. 
Mounting holes are provided for stand-off mounting via handle rivets 
and two holes located near the module fingers (Figure 2). 

FEATURES 

• Complete video subassembly on a double-height module 

• Displays a full 80 characters per line and 25 lines 

• 7X7 characters displayed in 8 x 8 character cells using standard 
installed character ROM 

• 8X8 character cell allows simple graphics with customer-defined 
character set 

• Selectable attributes: 
- blink 

half intensity 
reverse video 

characters, from customer-defined character set 

• Customer may enable video attributes on a character-by-character 
basis 

• I.C. socket for two customer-defined character sets (2716 EPROM 
or equivalent) 

• Simple EIA RS-423 serial interface for direct interconnect to DLV1 1- 
J or MXV1 1 , consequently no bus loading 

• Jumper-selectable baud rates: 150, 300, 600, 1200, 2400, 4800, 
9600, 19,200, 38,400 

• Smooth scroll is used to move text up the screen to allow entry of 
new data on the bottom line of the display 

• Drives standard video monitors over coaxial cable per EIA RS170, 
or jumper-selectable for direct drive monitor 
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• Interfaces to a standard keyboard (8-bit ASCII) 

• Can be plugged into LSI-1 1 backplanes or mounted on stand-offs 
applying power via H807 edge connector 

SPECIFICATIONS 



The VK170 module operates under the following conditions: 

• Environment must conform to: 

Temperature 5°C to 60°C 

Humidity 10% to 95% (no condensation) 

• Power dissipation is based on circuit requirements of 1.8 amps 
maximum, if only 5 Vdc is used, power dissipation does not exceed 
9 watts. An additional 2 watts (nominal) is dissipated when the ± HV 
(nominal 12 volts) is enabled. 

DESCRIPTION 

The VK170 functions as separate input and output devices. Parallel 
data bits from a user-supplied keyboard are serialized and transmit- 
ted (XMIT DATA SERIAL ASCII) to a computer serial line interface 
(e.g., DLV11-J). 

Serial data bits received from a serial line are decoded in the internal 
logic to determine whether a received character is a displayable char- 
acter or a control character (e.g., CR, LF). Displayable characters are 
written into an internal memory which is continuously read to generate 
the video signal used to refresh the screen of the customer-supplied 
video monitor. 

The communications port contains the necessary level converters to 
allow the module to communicate with the serial lines in either EIA RS- 
423 or 20mA current loop. 

A master crystal clock generates the required timing for the baud 
rates for the UART in the communications port and also generates the 
horizontal and vertical synchronization signals for the external video 
monitor. 



Width 



Power Requirements 



Height 
Length 



13.2 cm (5.2 in.) 

22.3 cm (8.5 in.) 

1.27 cm (0.5 in.) 

+5V ±5%, 1.2A 
+12V(or-15V) 
±3%, .15A 
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The internal charge pump power supply runs on either +12Vor -15V 
input. Output from the power supply is used to power the EIA RS-423 
driver for the serial line as well as provide a source of -12V for the 
external keyboard. 

The cursor and attribute logic provides control over the individual 
attributes as selected by the wire-wrap jumpers and the control char- 
acters as well as relocating the video cursor as required. This logic 
also provides internal control over the scroll function, allowing a nor- 
mal smooth scroll to be replaced by a high-speed jump scroll if the 
data input is faster than the execution time for smooth scroll. 

The video image consists of 25 lines of 80 characters each presented 
in adjacent 8 x 8 dot cells (Figure 1). 

Horizontal Frequency = 15.36 kHz 

Vertical Frequency = 60 Hz 

Horizontal scan lines per frame = 256 lines 



□- V D 

CHARACTER CHARACTERS 
MATRIX 80 TOTAL 

8 x 8 (640 DOTS) 



■ CHARACTER 
UNES, 25 TOTAL 
(200 DOTS) 



Figure 1 Video Image 



Smooth scrolling rolls a clear line into the bottom of the image display. 
It is used whenever an attempt is made to move the cursor down with a 
line feed (LF) or a vertical tab (VT) after the cursor has reached the 
bottom line. 

Direct cursor addressing is available (VT52 compatible). 

Character attributes allow selection of blink, forward and reverse 
video, alternate character set, or half intensity. The selected attribute 
may be set or cleared with bit 8 of the received data or with ASCII 
character SO/SI (Shift Out/Shift In). 

The cursor is a flashing reversed video cell with a 500 millisecond 
nominal period and a reversed duty of 60% to 80%. 
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BAUD RATE SEL 



JOMMUNI- 
CATION 
PORT 



I KB PORT 



CONTROL 
LOGIC 
MEM & SCROLL 






I 



CURSOR 
& 

ATTRIBUTE 
LOGIC 



PARALLEL 
ASCII 



PWR 
SUPPLY 



■-HV 
+ HV 



Figure 2 Port Interaction 



VIDEO 
DATA 



EXTERNAL 
MONITOR 



j-T 



*- 219 ±.01 
I 



.18Typ 



HOLES ARE .125d 



•ZTyp 



Figure 3 Mechanical Packaging 
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CONFIGURATION 
Interface 

This section describes the sequences of signal exchanges that occur 
among the VK170 and other external devices. Figure 4 shows the pin 
number locations of the interfacing connectors. 




Figure 4 Connector Pin Number Location Diagram 



Keyboard/VK170 Interface 

The keyboard interfaces to the VK170 via a 20-pin connector (J2). The 
DIGITAL mating connector is the H8561. Table 1 presents the connec- 
tor pin numbers and associated signal names. 



Table 1 Keyboard/VK1 70 Connector ( J2) 



Pin No. 


Signal Name 


Pin No. 


Signal Name 


1 


+5 Volts 


11 


KB4 


2 


-12 Volts 


12 


Not used 


3 


GND 


13 


KB3 


4 


KB8 


14 


BREAK (GND) 


5 


KB7 


15 


KB2 


6 


GND 


16 


GND 


7 


KB6 


17 


KB1 (LSB) 


8 


KBSTRB H 


18 


GND 


9 


KB5 


19 


Not Used 


10 


BREAK 


20 


Not Used 



Edge Connector 

VK170 edge connector pins and associated signals are presented in 
Table 2. 
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Table 2 VK1 70 Edge Connector 



Pin No. 

AA2.BA2 



Signal Name 



AC2,AT1,BC2,BT1 

AB2 

AD2 

Others 



+5 Vdc 
GND 



-15 Volts 
+12 Volts 



Not Connected 



Video Output Connector 

Video output is provided as RS170 compatible and as separate TTL 
output lines. A 5-pin MOLEX* connector (J1) is used with pin assign- 
ments as shown in Table 3. (Mating connector = H8562.) 

Composite video output provides RS170 output generated by combin- 
ing the video signal with a composite sync signal. The picture from the 
balancing level to reference white across 75 ohms is 1 volt. The syn- 
chronizing levels are imposed at 40% of the signal. 

* Vendor Trademark 



0 volts = SYNC 
0.4 volts = BLACK 
1.4 volts = WHITE 

For direct drive output, jumper W4 must be cut, providing a high 
impedance source at the MOLEX* connector, pin 3. The VK170 has 
been tested with the following direct drive monitors: 

• ITOH 

• Ball Brothers 

• Elston 

Communications Port Connector 

The communications port is a 10-pin connector (J3), pinned for direct 
DLV11-J connection. The electrical interface may be wired for RS-423 



Table 3 Video Output Connector (J1 ) 



2 
3 
4 
5 



Pin No. 



Signal Name 

HORIZONTAL DRIVE H 
VERTICAL DRIVE L 
VIDEO HI Z 
GND 

RS170 VIDEO 



Tlming/Freq 

15.36 kHz/27 M s 
60 Hz/520 fiS 
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or 20 mA communication (see Figure 5). The DIGITAL mating 
connector is H8560. Table 4 presents the pin assignments and associ- 
ated signal names. 




KYBD MEM 



Figure 5 Select RS-423/20 mA Loop 

* Vendor Trademark 

Table 4 Communications Port Connector (J3) 



Pin No. 


Signal Name 


1 


CLOCK I/O 


2 


GND 


3 


XMIT DATA + 


4 


XMIT DATA - 


5 


GND 


6 


NOT USED/POLARIZING POINT 


7 


RCV DATA - 


8 


RCV DATA + 


9 


GND 


10 


20 mA SOURCE 



Installation Procedures 

The following sections describe the installation of the VK170 module. 
Jumper Configurations 

Figure 6 illustrates the location of the various jumpers and wire wrap 
posts of the VK170. Verify that the factory-installed jumpers are con- 
figured per Table 5. Any jumper configuration changes required for 
user applications should be made at this time. 
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Data Rate Selection 

The data rates are generated via a 13.5168 MHz crystal and selected 
through a dual 4-bit decade and binary counter. The following data 
rates are selectable: 150, 300, 600, 1200, 2400, 4800, 9600, 19,200, 
and 38,400 bits per second. 

The UART may be configured to transmit and receive at either the 
same data rate or at split data rates. Data rates are configured by 
connecting a jumper from the selected data rate wire-wrap pin to the 
clock input pin(s) of the UART. When configuring at the same data 
rate, the wire-wrap pins may be daisy-chained. Table 6 lists the data 
rates and their respective pin numbers. 

The UART can be configured to operate from an external clock source 
via pin 1 of J3. Both UA26 and UA27 must be jumpered to the external 
clock. Do not select a data rate pin when using an external clock. 




UA34 
UA33 
UA32 
UA35 
UA36 
UA37 



1 LOCAL 
(COPY SELECT 



UA27 TRANSMIT CLOCK 

UA26 RECEIVE CLOCK 

UA12 1200 

UA17 38400 

UA16 19200 

UA1 1 600 

UA1S 9600 

UA10 300 

UA1 4 4800 

UA13 2400 

UA9 1 50 



UA6 
UA5 
UA3 
UA4 



Figure 6 Jumper and Wire Wrap Post Locations 
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Table 5 Factory Installed Jumper Configurations 



Jumper 

W1 (or UA1 to UA5) 

W2 (or UA4 to UA6) 
W4 

W7 

UA59 to UA61 to UA62 
UA18to UA20 
UA21 to UA23 
UA34to UA32 
UA36 to UA37 
W3 

UA39 to UA40 
W5 

UA41 to UA43 

UA26 to UA27 to UA15 

Table 6 Data Rate 



Function Implemented 

+ 12V operation 

RS170 operation 

Form feed receive enabled for re- 
mote initialization 

8- bit— no parity 

EIA RS-423 operation 



E52 character set enabled 

SI/SO (Shift In/Shift Out) attrib- 
ute control 

Forward video 

Blink attribute enabled 

9600 data rate selected 

Jumper Configurations 





TO 




FROM 


Pin 


Data Rate 




UA9 


150 




UA10 


300 


Transmit clock 


UA11 


600 


pin UA27 


UA12 


1200 


and/or 


UA13 


2400 


Receiver clock 


UA14 


4800 


pin UA26 


UA15 


9600 




UA16 


19200 




UA17 


38400 



Attributes and Attribute Control Selection 

Several jumpers are used for attribute and attribute control selection. 
Table 7 lists the various attribute and attribute control configurations. 
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Communications Selection 

Four jumpers are used for communications selection. Table 8 lists the 
jumper configurations required for either EIA RS-423 or 20 mA current 
loop communications. 



Table 7 Attribute Jumper Configurations 

Jumper Characteristic 

W3 Install to enable character ROM E52 

Remove to enable character ROM XE53 

W5 Install for forward video 

Remove for reverse video 



UA7 to UA8 
UA41 to UA42 
UA41 to UA43 
UA40* to UA38 

UA40* to UA39 

UA40 can either 
time. 



Install to disable half intensity 

Install to select reverse attribute 

Install to select blink attribute 

Install to select character bit 8 for attribute 
control 

Install to select SI/SO for attribute control 
be jumpered to UA38 or UA39, but not both at the same 



Table 8 Communications Jumper Configurations 
TO 



FROM RS423 20 mA 

UA18 UA20 UA19 

UA21 UA23 UA22 

UA34 UA32 UA33 

UA36 UA37 UA35 



Parity Selection 

As many as three jumpers can be used to select ASCII serial data 
format. Table 9 lists the jumper configurations required to select either 
odd, even, or no parity. 

Voltage Selection 

As many as six jumpers (two are optional) can be used for voltage 
selection. Table 10 lists the jumper configurations required for either 
+ 12 Volt or -15 Volt operation. 
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Table 9 Parity Jumper Configuration 

Characteristic Jumper 

No Parity (8 data bits) UA59 to UA61 to UA62 

Odd Parity (7 data bits) UA60 to UA61 to UA62 to UA63 

Even Parity (7 data UA60 to UA61 to UA62 and UA59 to UA60 
bits) 

Table 1 0 Voltage Jumper Configurations 



Jumper +12V -15V 

W1 (or UA1 to UA5) In Out 

W2(orUA4toUA6) In Out 

UA3 to UA5 Out In 

UA1 to UA6 Out In 



Remote Initialize Selection 

As many as three jumpers are used for remote initialize selection. 
Table 11 lists the jumper configuration required for remote initializa- 
tion. 



Table 1 1 Remote Initialize Jumper Configurations 



Characteristic W6 W7 W8 

Form Feed Receive Out In Out 

Break In Out In 

None Out Out In 

Form Feed or Break In In Out 



Module Mounting 

The VK170 module is mounted by one of two methods. 

1. The module can be mounted in a DIGITAL computer backplane, 
taking care that all signals (e.g., grant lines) are jumpered on the 
backplane as required. 

2. The module can be mounted on a panel or chassis using nylon 
hardware (i.e., spacers and #2-56 screws and nuts as required), 
using the mounting holes in the module. 

The H807 edge connector is available to provide power connec- 
tion to the VK170 when used in this mounting configuration. 
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Checkout Procedures 

Two checkout methods are available to the user: 

1. When the VK170 is used on a PDP-1 1 system, run the diagnostic 
CZVTO in accordance with the Instructions distributed with the 
diagnostic. 

2. To check out the VK170 without a processor, local testing can be 
done over the RS-423 or 20 mA communication lines. 

If the VK170 is configured for RS-423 operation, Jumper J3-3 
(XMIT DATA +) to J3-8 (RCV DATA +) to provide local testing 
with a user-supplied display monitor and keyboard. 

If the VK170 is configured for 20 mA current loop (passive), local 
testing is provided by the following three jumpers: 

J3-10 (+ Voltage) to J3-3 (XMIT DATA +) 
J3-4 (XMIT DATA -) to J3-7 (RCV DATA +) 
J3-8 (RCV DATA -) to J3-9 (GND) 

Once these three jumpers are installed, a user-supplied keyboard 
and display monitor can be used to check the operation of the 
module. 

PROGRAMMING 
Control/Function Characters 

The control/function characters are interpreted as non-graphic data. 
The following actions occur at the terminal upon receipt of these char- 
acters from the communication port: 

• BS (backspace)— the cursor moves one position to the left, if it is not 
currently in it leftmost position (left margin). 

• HT (horizontal tab)— the cursor moves one position to the right, if it 
is not currently in its rightmost position (right margin). 

• FF (form feed)— the module is reinitialized if the remote-initialize 
form-feed jumper is installed (34 ms of no transmission fill-time 
required). 

• CR (carriage return)— the cursor moves to the left margin. 

• LF (line feed)— the cursor moves down one line If not in scroll mode. 
(Scroll mode is entered when the cursor enters the bottom line, 
scroll mode is exited by an initialize operation.) If required, a smooth 
scroll occurs and a clear line is provided. If a scroll operation occurs 
at data rates above 19,200, 512 microseconds are required before 
another scroll can be requested. 
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• VT (vertical tab)— the cursor moves as in a line feed, except the next 
line is not cleared. If a scroll operation occurs at data rates above 
19,200, 512 microseconds are required before another scroll can be 
requested. 

• BREAK (spacing condition)— an initialize sequence similar to 
power-up initialization is generated if remote initialize BREAK jump- 
ers are installed (34 ms of no transmission fill-time required). 

Cursor Addressing 

Direct cursor addressing allows movement to any position on the 
screen by transmitting an escape sequence to the module. 

The ESC character followed by the Y character sets up the logic for a 
newtsursor location : e.g., 

<ESC> <Y> <Linenumber> <Column number> 

• <ESC> <Y> = Defines cursor addressing function 

• <Linenumber> = one character 

040 = top line (ASCII space) 

041 = second line (ASCII !) 



070 = bottom line (ASCII 8) 
• <Column number> = one character 
040 = leftmost column (ASCII space) 



157 = rightmost column (ASCII o) 

The cursor is moved to the specified column of the specified line. For 
example, the sequence <ESC> <Y> <)> <A> places the cursor on 
the tenth line (because ASCII <)> is 51 8 ) and in the thirty-fourth co- 
lumn (because ASCII <A> is 101 8 ; and -40 e for the offset results in 
octal column 41). The initial sequence should be preceded by a form 
feed (FF) to initialize the screen registers, if a scroll has been per- 
formed. 

Optional Character Set Selection 

Selection of the optional character ROM is accomplished via the re- 
moval of jumper W3. An optional character-generator socket is pro- 
vided on the VK 170. 
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Data Formats 

The data mode for ASCII serial input is eight-level without parity. In 
this case, the lower order bits represent the appropriate character with 
bit 8 as the attribute select bit., If bit 8 is set, the selected attribute is 
enabled for the character received. 

For the 7 bits with odd or even parity mode, SI/SO can be used to 
select the attribute bits. When enabled, all characters received after 
SO have the attribute selected. All characters received after SI have 
the attribute deselected. The implemented ASCII 7-bit character set is 
shown in Figure 7. 

Attributes 

Selection of the various attributes is controlled by setting ASCII bit 8 to 
a logical one (1) or manipulation of SI/SO and adding/deleting wire- 
wrap jumpers on the VK170 module (see Figure 8). 

This section contains a description of each attribute, instructions for 
implementation, and illustrations of each attribute as itappears on the 
screen. 

Reverse Video Versus Forward Video 

The forward video display on the CRT consists of white characters on 
a black background. To change the entire display to reverse video, 
(black characters on a white background), jumper W5 must be 
removed as shown in Figure 9. 

Reverse Video Attribute 

The reverse video attribute reverses the video on a character-by-char- 
acter basis. Wire-wrap UA41 to UA42 must be installed for the reverse 
video function. (Refer to Figure 9.) 
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Figure 7 ASCII Character Set 
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Figure 8 Attribute Selection Flow 
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VIDEO HOLD 



FLIP-FLOP 




+ 5V 



42 



1 




JUMPER MUST BE REMOVED 
FOR FULL SCREEN REVERSE 
VIDEO FUNCTION 



WIRE-WRAP MUST BE INSTALLED 
FOR REVERSE VIDEO ATTRIBUTE 
FUNCTION 



WIRE-WRAP MUST BE INSTALLED 
FOR BUNK FUNCTION 



WW= PINS UA41 TO UA42 (FOR REVERSE VIDEO) 
WW = PINS UA41 TO UA43 (FOR BLINK) 

MK-0694 



Figure 9 Reverse Video and Blink Attributes 
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Blink Attribute 

A wire-wrap must be installed as shown in Figure 9 to Implement the 
blink attribute. 

Half Intensity 

The wire-wrap shown in Figure 10 must be removed to enable the half 
intensity attribute. 




REMOVE FOR HALF 
INTENSITY FUNCTION 
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Figure 1 0 Half Intensity Wire-Wrap Removal 
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W9500 HIGH-DENSITY WIRE-WRAPPABLE MODULES 



GENERAL 

The W9500 series of high-density wire wrappable modules enable a 
user to easily configure special interface logic for the LSI-1 1 Micro- 
computer systems. These modules consist of DIGITAL'S standard 
double and quad height sizes and are available with or without pre- 
mounted Dual-ln-Line Packages (DIP) low-prof ile sockets. 

SPECIFICATIONS 

W951 1 Quad-Height Without Sockets 



Height Quad, 10.5 in. (26.6cm) 

Length Extended, 8.9 in. (22.8cm) 

Width Single, 0.5 in. ( 1 .27cm) 

Vcc Pins AA2, BA2, CA2, DA2 

GND Pins AT1 , BT1 , CT1 , DT1 , AC2, BC2, 

CC2, DC2 



W9512 Double-Height Without Sockets 



Height Double, 5.2 in. (13.2cm) 

Length Extended, 8.9 in. (22.8cm) 

Width Single, 0.5 in. (1.27cm) 

Vcc Pins AA2, BA2 

GND Pins AT1 , BT1 , AC2, BC2 



685 



W9500 




686 



W9500 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS O O O 



0 3. 04. & 0 6 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



4 



0 2 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS 



0 3 IN CENTERS O O O 



0 3 IN CENTERS 



0.3. 0.4, & 0.6 IN. CENTERS 
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DESCRIPTION 

The LSI-1 1 compatible series consists of four modules: a quad-height 
with and without premounted sockets and a double height with and 
without premounted sockets. 

Table 1 provides a brief summary of each type. All modules are sin- 
gle-width; the height of each pin is 5/16 in. 

Each module without premounted sockets is configured to accept IC 
packages with pin centers on 0.3 in. (7.62cm); 0.4 in. (10.16cm); and 
0.6 in. (15.24cm). The IC package density for these modules is shown 
in the drawings in this data sheet. Each module can be wrapped by 
standard automatic wrapping techniques as well as by hand. 

Those modules with premounted sockets accept 16-pin IC's with 0.3 
in. centers. Space is provided between the sockets for decoupling 
capacitors or other discrete components as required by the user. In 
addition, these modules supplied with sockets also contain universal 
areas that will accept IC's with pin centers of 0.3 in. (7.62cm); 0.4 in. 
(10.16cm); and 0.6 in. (15.24cm). The accompanying photos and 
drawings point out these universal areas and their capacities. 

The printed circuit on each board connects the appropriate edge con- 
nector pins to the Vcc plane on side 2 of the board and the ground 
plane (GND) on side 1 (component side). The remaining edge connec- 
tor pins terminate to a double row of wire wrap pins for user designat- 
ed functions. Each of the modules also includes a 40-pin male cable 
connector to allow an interface cable to be attached to the module 
logic. The pins of the cable connector are also terminated to a double 
row of wire wrap pins. The quad height modules are also provided with 
a space where an additional 40-pin cable connector (labeled J2) can 
be inserted by the user. When a connector is not required, additional 
IC packages with .3, .4, and .6 in. centers can be installed in the space 
reserved for the connector. Each board contains insulated standoffs to 
maintain the required clearance between adjacent modules and pre- 
vent shorting of wire wrap pins. A helpful alphanumeric X-Y grid 
pattern is also etched onto each board to facilitate ease in wire wrap 
pin location and identification. 
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Table 1 W9S00 Series Modules 

Module No. 

Description 

W951 1 Quad height, extended length, single width module 

with extractor handle. No DIP sockets included. One 
40-pin male cable connector premounted on board 
and space for additional 40-pin connector provided. 

W951 4 Same as W951 1 except with 58 premounted DIP 

sockets. 

W951 2 Double height, extended length, single width module 

with flip chip handle. No DIP sockets included. One 
40-pin male cable connector premounted on board. 

W951 5 Same as W951 2 except with 25 premounted DIP 

sockets. 
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ASSIGNMENT OF ADDRESSES 
AND VECTORS 

ADDRESS MAP 



2K 
WORDS 



FIXED ADDRESS AREA 
RESERVED FOR USE BY 
DIGITAL EQUIPMENT 
CORPORATION 



777 777 



770 000 



1K 
WORDS 



IK 
WORDS 



USER ADDRESSES AREA 



FLOATING ADDRESSES AREA 



RESERVED FOR USE BY 
DIGITAL EQUIP CORP 



767 777 
764 000 

763 777 

760 010 
760 006 

760 000 
757 777 



80 

VECTORS 



48 

VECTORS 



FLOATING VECTOR AREA 



TRAP & INTERRUPT 
VECTOR AREA 



001 00G 

000 777 

000 300 
000 277 
000 000 



FLOATING VECTORS 

The conventions for the assignments of floating vectors for modules 
on the LSI- 11 bus will adhere to those established for UNIBUS de- 
vices. UNIBUS devices are used to explain the priority ranking for 
floating vectors and are included in the subsequent table of trap and 
interrupt vectors as a guide to the user. 

The floating vector convention used for communications and for de- 
vices that interface with the PDP-1 1 series of products assigns vectors 
sequentially starting at 300 and proceeding upward to 777. (Some LSI- 
11 bus modules, such as the DLV11 and DRV11, have an upper vector 
limit of 377). The following table shows the sequence for assigning 
vectors to modules. It can be seen that the first vector address, 300, is 
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assigned to the first DLV1 1 in the system. If another DLV1 1 is used, it 
would then be assigned vector address 310, etc. When the vector 
addresses have been assigned to all the DLV11s (up to a maximum of 
32), addresses are then assigned consecutively to each unit of the next 
highest ranked device (DRV11 or DLV11-E, etc.), then to the other 
devices according to their rank. 



Ranking for Floating Vectors 
(Start at 300 and proceed upward.) 



Rank 




i_SI.11 Bus 

Lwl 1 1 DUO 


1 


DC11 




2 


KL11, DL11-A, -B 


DLV11, -F, -J 


3 


DP11 




4 


DM11 -A 




5 


DN11 




6 


DM11-BB 




7 


DR11-A 


DRV11-B 


8 


DR11-C 


DRV11 


9 


PA61 1 Reader 




10 


PA611 Punch 




11 


DT11 




12 


DX11 




13 


DL11-C, -D.-E 


DLV11-E 


14 


DJ11 




15 


DH11 




16 


GT40 




17 


LPS11 




18 


DQ11 




19 


KW11-W 


KWV11 


20 


DU11 


DUV11 




INTERRUPT AND TRAP VECTORS 


Vector 


UNIBUS 


LSI-11 Bus 


000 


DEC reserved 


DEC reserved 


004 


CPU errors 


Bus time-out and illegal in- 






structions (e.g., JMP R0) 






(odd address and stack 






overflow traps not 
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INTERRUPT AND TRAP VECTORS (Cont) 



Vector 


UNIBUS 


LSI-11 Bus 






imnlementerl on LSI-1 1 \ 


010 


llleaal and reserved 

III w\4 U1 m l\J 1 w W wl V Wl 


llleaal and reserved 

lllwMfill yliu 1 wwwl VOU 




instructions 


instructions 


014 


BPT, breakpoint trap 


BPT instruction and T bit 


020 


IOT innnt/oiitniit tran 


IOT instruction 

IV 1 II Iwll Uvllwl 1 


024 


Power-fail 


Power-fail 


030 

WWW 


FMT emulator Iran 

L_ 1 VI 1 , wlllUiaLWI 11 OfJ 


FMT inctri lotion 

&IVI 1 II IOU Uvllvl 1 


034 


TRAP instruction 


TRAP instruction 

1 1 II 1011 UvUVl 1 


040 - 


SvQtem software 




044 


System software 




050 


Svstem software 




054 


System software 




060 

vUU 


Console terminal, 


Console terminal, input 




keyboard/reader 




0fi4 

wD*T 


Console terminal, 


Console terminal, output 




printer/punch 




070 


PC11, paper tape reader 




074 


PC1 1 , paper tape punch 




100 

1 WW 


KW11-L, line clock 


External event line interrupt 


104 


KW11-P, programmable clock 


110 

1 1 VI 






1 1 A. 
I I** 


Memory system errors 




190 

I £U 


XY plotter 




194 


DR11-B DMA interface; 


DRV11-B 




(DA11-B) 




1^0 


AD01 , A/D subsystem 




I OH 


AFC1 1 , analog subsystem 




140 


AA11, display 




1 *r*r 


AA11, light pen 




150 






154 






160 


RL11 


RLV11 


164 






170 


User reserved 




174 


User reserved 




200 


LP11/LS11,line printer; 


LAV11, LPV11 




LA180 




204 


RS04/RF1 1 , fixed head disk 
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INTERRUPT AND TRAP VECTORS (Cont) 



UNIBUS 



LSI-11 Bus 



RC11,disk 
TC11,DECtape 
RK11,disk 
TU16/TM11/TS03, magnetic 
tape 

CD11-CM11-CR11,card 
reader 

UDC11, digital control 
subsystem 

PIRQ, program interrupt 
request (11/45) 
Floating-point error 
Memory management 
RP04/RP11 disk pack 
TA11, cassette 
RX11, floppy disk 
User reserved 
User reserved 
(Start of floating vectors) 



RKV11 



(End of floating vectors) 



FIS (optional) 



RXV11.RXV21 



User reserved 



ADV11-A 



IBV11-A 



KWV11-A 



User reserved 
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FLOATING ADDRESSES 

The conventions for the assignment of floating addresses for modules 
on the LSI- 11 bus are the same as UNIBUS devices. UNIBUS devices 
are used to explain the ranking sequence. 

The floating address convention used for communications and for 
other devices that interface with the PDP-1 1 series of products assigns 
addresses sequentially starting at 760 010 (or 160 010) and proceeds 
upward to 763 776 (or 163 776). For com patiblity with UNIBUS conven- 
tion, addresses are expressed as consisting of 18 bits (7XX XXX) rath- 
er than 16 bits (1 XX XXX). 

Floating addresses are assigned in the following sequence: 





UNIBUS 


LSI-11 


Rank 


Device 


Device 


1 


DJ11 




2 


DH11 




3 


DQ11 




4 


DU11 


DUV11 


5 


DUP11 




6 


LK11A 




7 


DMC11 




8 


DZ11 


DZV11 


9 


KMC11 




10 


RL1 1 (extras) 


RLV1 1 (extras) 



DEVICE ADDRESSES 



UNIBUS 



LSI-11 Bus 



Processor status word (PS) 
Stack limit 
^ Program interrupt request (PIRQ) 

DIGITAL reserved 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



► CPU Registers 



} 



} 



R7 (PC) 

R6(SP) 

R5 

R4 

R3 

R2 

R1 

RO 



i 



General 
Registers 



Memory management 



(SR2) 

Memory mgt status register (SR1 ) 

(SRO) 

Console switch and display register 
(XBUF) "\ 

(XCSR) I Console 
(RBUF) J Terminal 
(RCSR) J 



PC11/PR11 
KW11-L, DL11-W 

XY11 

Unassigned 
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l Console 
f" Terminal 



(LTC) KPV11 
BDV11 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



} 
} 



Unassigned 

LA180, LP 11 
LS11.LV11 



TA11 



} 



BDV11 



LAV11, LPV11 



► RF11 



RC11 



► DT1 1 , bus switch 



#8 
#7 
#6 
#5 
#4 
#3 
#2 
#1 



RK11 



RKV11 
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DEVICE ADDRESSES (Cont.) 



Address 



UNIBUS 



LSI-11 Bus 



777 376 



777 360 
777 356 



777 340 
777 336 



777 320 
777 316 
777 314 
777 312 
777 310 
777 306 
777 304 
777 302 
777 300 
777 276 



777 200 
777 176 
777 174 
777 172 
777170 
777 166 
777 164 
777162 
777 160 



DC14-D 



TC11 



KE11-A, EAE#2 



KE11-A, EAE#1 



arithmetic shift 
logical shift 
normalize 
step count/status register 
multiply 

multiplier quotient 
accumulator 
divide 



DIGITAL reserved 



RX11 
-RX1 1 



CR11.CM11, 
CD11 



} 



RXV11 

RXV1 1.RXV21 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



DIGITAL reserved 



AD01 



AA11 #1 



Unassigned 



RP11 



} 
} 



DL11-A, -B 
#4-#16 



DL11-A.-B, #3 



DL11-A,-B#2 



This area 
reserved for 16 
serial line units 
without modem 
control capability 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



> DL11-A,-B,#1 



► AA11 



DX11 



#5 



#2 



#6-#31 



#5 



#4 



#3 



#2 



DL11-C.-D.-E 



This area 
reserved for 31 
serial line units 
with modem 
control capability 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



} 



#1 



DIGITAL reserved 
#4 

DS11 

#1 
#16 



DN11 



DM11 



DP11 



DP11 
RL01 



DC11 



#1 
#15 



#1 
#1 



#32 
#32 



#1 
700 



} 



RLV11 



APPENDIX A 



DEVICE ADDRESSES (Cont.) 



Address 



UNIBUS 



LSI-11 Bus 



773 776 



773 700 
773 676 



773 400 
773 376 



773 300 
773 276 

773 200 
773 176 

773 100 
773 076 

773 000 



Maintenance loader 



M792 diode ROM 



BM792-YH cassette 



BM792-YCcard 



MR11-DB 



J 



BM792-YB disk/DECtape 



BM792-YA paper tape 



REV11, BDV11 
MRV11-AA 

256-word ROM 
space 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



} 



} 



PA611 typeset punch 



PA61 1 typeset reader 



AFC11 



DIGITAL reserved 

\ 



DIGITAL reserved 



KW11-P 



TM11 
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DEVICE ADDRESSES (Cont.) 



Address 



UNIBUS 



LSI-11 Bus 



Memory mgt status register (SR3) 



OST 



DR11-B, #3 



TJU16 



DR11-B,#2 



DIGITAL reserved 



DR11-B,-C,#1 



KW11-W 



Memory management 



} 
} 
} 



DRV11-B, #3 



DRV11-B, #2 



DRV11-B,#1 
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DEVICE ADDRESSES (Cont.) 



Address 


UNIBUS 


LSI-11 Bus 


772 176 


-> 




FP11 




772 160 
772156 


> 
•> 




Unassigned 




772 140 
772136 


> 




Memory parity 




772110 

770 -i fifi 


> 




Unassigned 




772102 

779 100 

772 076 


> 


L 


MS11-K, -LP, MM11-LP 
RL11 




779 fl7n 

772 066 


J 


f 

f 


RJS04 




772 040 
772 036 






DIGITAL reserved 




772 020 


> 
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DEVICE ADDRESSES (Cont.) 



Address 



UNIBUS 



LSI-11 Bus 



772 016 



772000 
771 776 



771 000 
770 776 



770 700 
770676 



770 500 
770476 



770460 
770456 



770 450 
770446 
770444 
770442 
770440 
770436 



► GT40, VT48 



UDC functional I/O modules 



#8 

KG11 

#1 
#16 

DM11-BB 

#1 



ADF11 



► Unassigned 



LPS11 



} 



AAV11-A 
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DEVICE ADDRESSES (Cont.) 



UNIBUS 



LSI-11 Bus 



LPS11 



AR11.LPS11 



DIGITAL reserved 



DR11-C,#1 

DR11-C, #2 
DR11-C,#3 



User 
Reserved 
Area 



} 
} 



KWV11-A 



ADV11-A 



} 
} 



DRV11,#1 



DRV11,#2 



DRV11,#3 



User 
Reserved 
Area 

f 
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DEVICE ADDRESSES (Cont.) 



Address 



UNIBUS 



LSI-11 Bus 



765 776 



765 000 
764 776 



764 000 
763 776 



760154 
760 152 
760150 
760146 



760 010 
760006 

760 000 



REV11 256-word 
ROM space 



(start here and assign upwards to 767 776) 



|- 

(top of floating addresses) 



Floating 
Addresses 



} 



IBV11-A 



Floating 
Addresses 



(start here and assign upwards to 763 776) , r 



DIGITAL reserved 



► DIGITAL 
reserved 
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LSM1 BUS SIGNALS 



MODULE CONTACT FINGER DESIGNATION 

DIGITAL interface modules all use the same contact finger (pin) identi- 
fication system. The LSI-11 I/O bus is based on the use of double- 
height modules. These modules plug into a 2-slot bus connector, each 
containing 36 lines per slot (18 each on component and solder sides of 
the circuit board). Although the LSI-11 processor module and core 
memory modules are quad-height modules that plug into four connec- 
tor slots, only two slots (A and B) are used for interface purposes on 
the processor module. Etched circuit jumpers on the unused portion 
of the module maintain continuity of grant signals BIAKI L to BIAKO L 
and BDMGI L to BDMGO L. These daisy-chained signals are de- 
scribed later. 

Slots, shown as Row A and Row B in Figure 1, include a numeric 
identifier for the side of the module. The component side is designated 
side "1" and the solder side is designated side "2." Letters ranging 
from A through V (excluding G, I, O, Q) identify a particular pin on a 
side of a slot. Hence, a typical pin is designated as: 



Note that the positioning notch between the two rows of pins mates 
with a protrusion on the connector block for correct module position-' 
ing. 

Quad-height modules are similarly pin numbered. They are identified 
in Figure 2. 

Individual connector pins, viewed from the underside (wiring side) of a 
backplane, are identified as shown in Figure 3. Only the pins for one 
bus location (two slots) are shown in detail. This pattern of pins is 
repeated eight times on the H9270 backplane, allowing the user to 
install one LSI-11 microcomputer module (four slots) and up to six 
additional 2-slot modules. 



BE2 



Slot (Row) 
Identifier 
"Slot B" 



Module-Side Identifier 
"solder side" 



Pin Identifier 
"Pin E" 
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CP-IMS 

Figure t Dual Module Contact Finger identification 




Figure 2 Quad Module Contact Finger Identification 
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TYPICAL MODULE MODULE SIDE IDENTIFIER 
ROW IDENTIFIER LOCATION I ' COMPONENT SIDE 

v (SLOTS AI-BI) 2 o SOLDER SIDE 



WIRE-WRAPPINS 
PASS THROUGH 
H9270 PC BOARD 



JssSai _ u . 



L-l 



t 

1 MODULE SIDE 
2 

3 
4 



Figure 3 LSI-1 1 Backplane Module Pin Identification 



BUS SIGNALS 

H9270 backplane pin assignments are listed and described in Table 1. 
Only slots A and B are listed. However, they are identical to slots C and 
D respectively. Table 2 alphanumerically lists the LSI-1 1 bus pin 
assignments. 



Table 1 Backplane 



Bus Mnemonic 
Pins 

AA1 BIRQ5 L 

AB1 BIRQ6 L 

AC1 BDAL16 

AD1 BDAL17 

AE1 SSPARE1 

AF1 SSPARE2 

AH1 SSPARE3 

AJ1 GND 

AK1 MSPAREA 

AL1 MSPAREA 



Pin Assignments 
Description 

Interrupt Request 
priority level 5 
Interrupt Request 
priority level 6 

Extended address bits. 

Special Spare (not assigned, 
not bused; available for user 
interconnections). 

Ground— system signal 
ground and dc return. 

Maintenance Spare— normally 
connected together on the 
backplane at each option loca- 
tion (not bussed connection). 
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AM1 GND 
AN1 BDMR L 



AP1 BHALT L 



AR1 BREFL 



Ground— system signal 
ground and dc return. 
Direct Memory Access (DMA) 
Request— a device asserts this 
signal to request bus master- 
ship. The processor arbitrates 
bus mastership between itself 
and all DMA devices on the 
bus. If the processor is not the 
bus master (it has completed a 
bus cycle and BSYNC L is not 
being assert J by the proces- 
sor), it grants bus mastership 
to the requesting device by as- 
serting BDMGO L. The device 
responds by negating BDMR L 
and asserting BSACK L. 

Processor Halt— when BHALT 
L is asserted, the processor re- 
sponds by halting normal pro- 
gram execution. External 
interrupts are ignored but 
memory refresh interrupts 
(enabled if W4 on the proces- 
sor module is removed) and 
DMA request/grant se- 
quences are enabled. When in 
the halt state, the processor 
executes the ODT microcode 
and the console device opera- 
tion is invoked. 

Memory Refresh— asserted by 
a processor microcode-gener- 
ated refresh interrupt se- 
quence (when enabled) or by 
an external device. This signal 
forces all dynamic MOS mem- 
ory units to be activated for 
each BSYNC L/BDIN L bus 
transaction. 
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+ 12B 



GND 

PSPARE1 
+5B 



BDCOK H 



BPOKH 



SSPARE4 
SSPARE5 
SSPARE6 
SSPARE7 
SSPARE8 



CAUTION 

The user must avoid multiple 
DMA data transfers (burst or 
"hog" mode) during a proces- 
sor-generated refresh opera- 
tion so that a complete refresh 
cycle can occur once every 16 
ms. 

+12V Battery 
Power— secondary +12V 
power connection. Battery 
power can be used with cer- 
tain devices. 

Ground— system signal 
ground and dc return. 

Spare (not assigned, customer 
usage not recommended). 

+5V Battery 
Power— secondary +5V 
power connection. Battery 
power can be used with cer- 
tain devices. 

DC Power OK— power supply- 
generated signal that is assert- 
ed when there is sufficient dc 
voltage available to sustain re- 
liable system operation. 

Power OK— asserted by the 
power supply when primary 
power is normal. When negat- 
ed during processor opera- 
tion, a power-fail trap se- 
quence is initiated. 

Special Spare (not assigned, 
not bused; available for user 
interconnections). 
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BJ1 GND 

BK1 MSPAREB 

BL1 MSPAREB 

BM1 GND 

BN1 BSACK L 

BP1 BIRQ7 L 

BR1 BEVNT L 

BS1 PSPARE4 

BT1 GND 

BU1 PSPARE2 

BV1 +5 

AA2 +5 

AB2 -12 



Ground— system signal 
ground and dc return. 

Maintenance Spare- 
normally connected together 
on the backplane at each op- 
tion location (not a bused 
connection). 

Ground— system signal 
ground and dc return. 

This signal is asserted by a 
DMA device in response to the 
processor's BDMGO L signal, 
indicating that the DMA device 
is bus master. 

Interrupt request priority 
level 7 

External Event Interrupt Re- 
quest—when asserted, the 
processor responds (if PS bit 
7 is 0) by entering a service 
routine via vector address 
100 8 . A typical use of this sig- 
nal is a line-time clock inter- 
rupt. 

Spare (not assigned; customer 
usage not recommended). 

Ground— system signal 
ground and dc return. 

Spare (not assigned; customer 
usage not recommended). 

+5V Power— normal +5 Vdc 
system power. 

+5V Power— normal +5 Vdc 
system power. 

-12V Power 12 Vdc (op- 
tional) power for devices re- 
quiring this voltage. 
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AC2 
AD2 
AE2 



GND 
+ 12 

BDOUT L 



AF2 



BRPLY L 



AH2 



BDINL 



NOTE 

LSI-1 1 modules which require 
negative voltages contain an 
inverter circuit (on each mod- 
ule) which generates the re- 
quired voltage(s); hence, -12 
V power is not required with 
DIGITAL-supplied options. 

Ground— system signal 
ground and dc return. 

+ 1 2V Power— + 1 2 Vdc sys- 
tem power. 

Data Output— BDOUT, when 
asserted, implies that valid da- 
ta is available on BDALO-15 L 
and that an output transfer, 
with respect to the bus master 
device, is taking place. 
BDOUT L is deskewed with re- 
spect to data on the bus. The 
slave device responding to the 
BDOUT L signal must assert 
BRPLY L to complete the 
transfer. 

Reply— BRPLY L is asserted in 
response to BDIN L or BDOUT 
L and during IAK transactions. 
It is generated by a slave de- 
vice to indicate that it has 
placed its data on the BDAL 
bus or that is has accepted 
output data from the bus. 

Data Input— BDIN L is used for 
two types of bus operation: 

1 . When asserted during 
BSYNCLtime, BDINL im- 
plies an input transfer with 
respect to the current bus 
master, and requires a re- 
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AJ2 BSYNC L 



AK2 BWTBT L 



AL2 BIRCH L 



sponse (BRPLY L). BDIN 
L is asserted when the 
master device is ready to 
accept data from a slave 
device. 
2. When asserted without 
BSYNC L, it indicates that 
an interrupt operation is 
occurring. 

The master device must de- 
skew input data from BRPLY 
L. 

Synchronize— BSYNC L is as- 
serted by the bus master de- 
vice to indicate that it has 
placed an address on BDALO- 
1 7 L. The transfer is in process 
until BSYNC L is negated. 

Write/Byte— BWTBT L is used 
in two ways to control the bus 
cycle: 

1 . It is asserted during the 
leading edge of BSYNC L 
to indicate that an output 
sequence is to follow (DA- 
TO or DATOB), rather 
than an input sequence. 

2. It is asserted during 
BDOUT L, in a DATOB 
bus cycle, for byte ad- 
dressing. 

Interrupt Request— A device 
asserts this signal when its in- 
terrupt enable and interrupt 
request flip-flops are set. If the 
processor's PS word bit 7 is 0, 
the processor responds by ac- 
knowledging the request by 
asserting BDIN L and BIAKO 
L. 
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AM2 
AN2 



BIAKI L 
BIAKO L 



AP2 



BBS7L 



AR2 
AS2 



BDMGI L 
BDMGO L 



Interrupt Acknowledge Input 
and Interrupt Acknowledge 
Output— this is an interrupt 
acknowledge signal which is 
generated by the processor in 
response to an interrupt re- 
quest (BIRQ L). The processor 
asserts BIAKO L, which is 
routed to the BIAKI L pin of the 
first device on the bus. If it is 
requesting an interrupt, it will 
inhibit passing BIAKO L. If it is 
not asserting BIRQ L, the de- 
vice will pass BIAKI L to the 
next (lower priority) device via 
its BIAKO L pin and the lower 
priority device's BIAKI L pin. 

Bank 7 Select— The bus mas- 
ter asserts BBS7 L when an 
address in the upper 4K word 
bank is placed on the bus. 
BSYNC L is then asserted and 
BBS7 L remains active for the 
duration of the addressing 
portion of the bus cycle. 

DMA Grant Input and DMA 
Grant Output— This is the 
processor-generated daisy- 
chained signal which grants 
bus mastership to the highest 
priority DMA device along the 
bus. The processor generates 
BDMGO L, which is routed to 
the BDMGI L pin of the first 
device on the bus. If it is re- 
questing the bus, it will inhibit 
passing BDMGO L. If it is not 
requesting the bus, it will pass 
the BDMGI L signal to the next 
(lower priority) device via its 
BDMGO L pin. The device as- 
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AT2 BINIT L 

AU2 BDALO L 

AV2 BDAL1L 

BA2 +5 

BB2 -12 

BC2 GND 



setting BDMR L is the device 
requesting the bus, and it re- 
sponds to the BDMGI L signal 
by negating BDMR, asserting 
BSACK L, assuming bus mas- 
tership, and executing the re- 
quired bus cycle. 

CAUTION 

DMA device transfers must be 
single transfers and must not 
interfere with the memory 
refresh cycle. 

Initialize— BINIT L is asserted 
by the processor to initialize or 
clear all devices connected to 
the I/O bus. The signal is gen- 
erated in response to a power- 
up condition (the negated con- 
dition of BDCOK H). 

Data/Address Lines— These 
two lines are part of the da- 
ta/address bus over which ad- 
dress and data information are 
communicated. Address infor- 
mation is first placed on the 
bus by the bus master device. 
The same device then either 
receives input data from, or 
outputs data to, the addressed 
slave device or memory over 
the same bus lines. 

+5V Power— normal +5 Vdc 
system power. 

- 1 2V Power 1 2 Vdc (op- 
tional) power for devices re- 
quiring this voltage. 

Ground— system signal 
ground and dc return. 
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BD2 


+ 12 


+ 1 2V Power— + 1 2 Vdc sys- 






tem power. 


BE2 


BDAL2 L 


Data/ Address Lines— These 


BF2 


BDAL3 L 


14 lines are part of the da- 


BH2 


BDAL4 L 


ta/address bus previously de- 


BJ2 


BDAL5 L 


scribed. 


BK2 


BDAL6 L 




BL2 


BDAL7 L 




BM2 


BDAL8 L 




BN2 


BDAL9 L 




BP2 


BDAL10L 




BR2 


BDAL11 L 




BS2 


BDAL12L 




BT2 


BDAL13L 




BU2 


BDAL14L 




BV2 


BDAL15L 
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NOMENCLATURE FOR 
CIRCUIT SCHEMATICS 

BASIC SIGNAL NAMES 

Signal names on DIGITAL print sets are in the following form: 
SOURCE (ASSERTION) SIGNAL NAME (STATE) POLARITY 

SOURCE indicates the drawing number of the print from which the 
signal originates. The drawing number of a print is located in the lower 
right corner of the print title block (D1 , D2, D3, etc.). 

ASSERTION is either blank or a NOT sign. A blank indicates reference 
to the asserted state (the true state) of the signal; a NOT sign indicates 
reference to the negated state (the false state) of the signal. Signals 
originating from flip-flops do not use the NOT sign to indicate asser- 
tion; instead, they use a 1 or 0 in parentheses following the signal 
name for assertion indication. 

SIGNAL NAME is the proper name of the signal. The names used on 
the print are also in this manual for correlation between the two. 

STATE is present when the signal source is a flip-flop; it is either 0 or 1 . 

POLARITY is either H or L to indicate the voltage level of the signal; H 
means +3V; L means ground. 

For example, the signal 

D5 TX DONE H 

originates on sheet 5 of the drawings and is read "when TX DONE is 
true, this signal is at +3V." 

LSI-11 bus signal lines carry a dual source indicator. These signal 
names represent a bidirectional wire-ORed bus; as a result, multiple 
sources for a particular bus signal exist. 



FLIP-FLOP SIGNAL NAMES 

Flip-flop signal names add an extra dimension. Although flip-flops 
have only two outputs, four signal names are possible (Figure 1). The 
two real outputs are RX DONE (1) H on pin 5 and RX DONE (0) H on pin 
6. The two additional outputs are simply the two real outputs reidenti- 
fied. RX DONE (1) L is electrically the same as RX DONE (0) H and RX 
DONE (0) L is electrically the same as RX DONE (1) H. For example, 
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the signal RX DONE (0) L is read "when the RX DONE flip-flop is clear 
(holding a zero), this signal is at ground." 



J, 



RX DONE (1) H 
RX DONE ( 1 ) L 



T 



RX DONE (0) L 
RX DONE (O) H 



Figure 1 Flip-Flop Signal Names 
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ASYNCHRONOUS SERIAL LINE UNIT 
(SLU) COMPARISONS 

The characteristics listed in Tables 1, 2, and 3 compare the 
different members of the DLV11 (LSI- 11 bus) and DL11 (UNIBUS) 
families of asynchronous serial line products. All modules of the 
DLV1 1 series are dual-height modules. The DLV11-E, -F, and -J mod- 
ules detect overrun conditions which are reported in the receiver CSR. 
These modules will not generate phantom interrupts on overrun. 
DLV11-J 

Each of the four serial ports on this module are separate and indepen- 
dent from the others. This is not a multiplexed module. Each port has 
its own CSRs, data buffers, interrupt vectors, baud rates, UARTs, etc. 
The net effect of this module is to achieve a 4:1 compression ratio over 
the DLV11. The main functional difference between the ports of the 
DLV11-J and the DLV11 is that the DLV11-J provides an RS-232C- 
compatible interface (using RS-422 and RS-423) only and requires the 
DLV11-KA module (one per port) to accommodate the 110 baud, 20 
mA current loop interface. 
DLV11-E 

This module is functionally equivalent to the DL1 1-E except that it has 
programmable baud rates. This module provides one serial port that 
has full modem control. 
DLV11-F 

This module is functionally equivalent to the DL1 1-F except that it has 
programmable baud rates. This module will eventually replace the 
DLV11. 
DZV11-B 

The DZV11-B is a multiplexer interface between four asynchronous, 
serial data communication channels and the LSI-1 1 bus. The DZV1 1-B 
provides EIA level conversion and full modem control suitable for 
support of Bell series 103, 202, or equivalent modems. Program com- 
patibility is maintained with the UNIBUS option, DZ11-A. The only 
compatibility exception is the number of serial channels supported. As 
a product enhancement feature, additional modem control leads are 
supported to allow half-duplex operation on switched-network-type 
lines. 
MXV11-A 

This multifunction module consists of two serial ports, RAM and ROM 
memory, and a 60 Hz clock. The two serial ports are RS-423 (RS-232- 
C-compatible, data leads only) The MXV1 1-A has two completely sep- 
arate serial ports, where each port has its own CSRs, data buffers, 
baud rate generation, etc. 
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The external 20 mA option (DLV11-KB) is required to implement this function. 
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* The external 20 mA option (DLV11-KB) is required to implement this funtion. 
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COMPARISON OF DATA 
TRANSMISSION TECHNIQUES 

Frequently, the application arises where a data transmission path has 
to be established between two devices. Usually the distance between 
the device is known and also the rate of data transmission. The prob- 
lem is deciding which is the best communication technique to use to 
interconnect the devices. 

Figure 1 is a graph of data versus distance for the various standard 
transmission techniques. Parallel data transmission techniques (PLUs 
and DMA) give the highest data rate; however, they are good only for 
relatively short distances. The serial techniques (RS-232C, RS-422 
and current loops) are good for longer distances but at limited data 
rates. 

While analyzing Figure 1 , remember that the axes are logarithmic and 
that the data in words per second rather than baud rate. The limits 
established for distance and data rate are a function of both the inher- 
ent limitations of the transmission technique and of the DIGITAL de- 
vice used to do the interconnection. As an example, look at the 422 
section of the graph. Maximum distance is 4000 feet as established by 
EIA standard RS-422, but the maximum data rate of 1920 words per 
second is based on the maximum baud rate of the DLV11-J which 
is 38.4K baud. 

Table 1 is a summary of the LSI-11 bus and UNIBUS devices which 
can be used with each communication technique. Currently, there is 
no UNIBUS device for EIA RS-422. 
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Figure 1 Data Rate vs Distance with DIGITAL Devices 
Table 1 Communication Techniques 
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NOTES AND ASSUMPTIONS FOR FIGURE 1 

1 . Data Rate Definition 

a. One word equals 1 6 bits. 

b. For serial techniques, one word equals two characters for- 
matted with one start bit, eight data bits, and one stop bit. 
Asynchronous serial transmission is assumed. 

2. Serial Line Maximum Data Rate 

a. Modems were limited to 120 words/sec (2400 baud) because 
modems with higher rates cost more than LSI-11 systems 
usually warrant. Higher data rate modems are generally 
synchronous rather than asynchronous. 

b. 480 words/sec is equal to 9600 baud, the limit of the DLV1 1 
SLU. 

c. 1920 words/sec is equal to 38.4 baud, the limit of DLV11-J 
SLU. 

3. PLU (Parallel Line Unit) Limits 

a. The TTL inputs/outputs of the DRV1 1 limit the distance to 15 
feet. 

b. 46K words/sec assumes non-interrupt-driven program ser- 
vicing with bit testing (TSTB, BMI, MOV and SOB). 97K 
words/sec is maximum rate with program servicing without 
bit testing (MOV and BR). With interrupt-d riven servicing, the 
maximum limit is 20K words/sec assuming 50 us for interrupt 
latency and software servicing of interrupt. 

4. DMA (Direct Memory Access) Limits 

a. The DRV11-B can be used up to 50 feet because it has tri- 
state drivers and receivers. The distance is limited to 15 feet 
with TTL devices like the DR11-B. 

b. DMA transfer with the DRV1 1 -B and the DR11-B are limited to 
500K words/sec in burst mode operation; 250K words/sec is 
the limit for single-cycle mode operation with either device. 
These limits are device-dependent, not LSI-11 bus-depen- 
dent. Note that burst mode can disrupt memory refreshing if 
bus refreshing (DMA and microcode) is used. Self-refreshing 
memories (MSV11-CD or MSV1 1-D) eliminate this problem. 
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INTEGRATED CIRCUITS 



Bus Receivers and Bus Drivers 

The equivalent circuits of LSI- 1 1 bus-compatible drivers and receivers 
are shown in Figure 1. To perform the receiver and driver functions. 
Digital Equipment Corporation uses two monolithic integrated circuits 
with the characteristics listed in Table 1 . A typical bus driver circuit is 
shown in Figure 2. Note that 8641 quad transceivers can be used, 
combining LSI- 1 1 bus receiver and driver functions in a single package. 
Bus receiver (8640). bus driver (8881). and bus transceivers (8641) are 
shown in Figures 3. 4. and 5. respectively. 



+ 3 4V 



OUT - 




Figure 1 Bus Driver and Receiver Equivalent Circuits 



♦5V 
O 




TYPICAL BUS DRIVER 



11-3307 



Figure 2 Typical Bus Driver Circuit 
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Figure 3 8640 Quad 2-lnput NOR Gates 
(Bus Receiver) 
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Figure 4 8881 Quad 2-lnput NAND Gate 
(Bus Driver) 
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Figure 5 8641 Quad Unified Bus Transceiver 
(Bus Receiver/Driver) 
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Table 1 LSI -1 1 Bus Driver, Receiver, Transceiver 
Characteristics 



Device 


Characteristic 


Sym 
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Notes 
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input high voltage 
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1 . o 




Input current at 0 V 
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Output high voltage 


\/_ , . 
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Output high current 
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2. 3 
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/ 4 CZ TTI 1 — M J- \ 

do 1 1 L loads; 


2, 3 




r lUUdydllUll delay IU 


i run 


i \j ns min 


A R 
I. 0 




high state 




35 ns max 






Propagation delay to 


Tnn i 
1 rUL 


1 0 ns min 


1 . 5 




low state 




35 ns max 




Driver 


Input high voltage 


Vn ■ 
V IH 


v min 




(8881) 


Input low voltage 


V|L 


0.8 V max 




(8641) 


Input high current 


'IH 


60 mA max 


6 




Input low current 


'IL 


-2.0 mA max 


6 




Output low voltage 


Vol 


0.8 V max 


1 




70 mA sink 










Output high leakage 


'oh 


25 fiA max 


1.3 




current at 3.5 V 










Propagation delay to 


TPDL 


25 ns max 


1.5 




low state 










Propagation delay to 


TPDH 


35 ns max 


1.5 



high state 

NOTES 

1 . This is a critical parameter for use on the I/O bus. 
All other parameters are shown for reference only. 

2. This is equivalent to being capable of driving 16 
unit loads of standard 7400 series TTL integrated 
circuits. 

3. Current flow is defined as positive if into the termi- 
nal. 

4 Conditions of load are 390 ft to +5 V and 1 .6 ktt 
in parallel with 1 5 pF to ground for 10 ns min and 
50 pF for 35 ns max. 

5. Times are measured from 1.5 V level on input to 
1 .5 V level on output. 

6. This is equivalent to 1 .25 standard TTL unit load- 
ing of input. 



Bus receivers and drivers should be well grounded and use Vrjc to 
ground bypass capacitors. These gates should be located as close as 
practical to the module fingers which plug into the backplane and all 
etch runs to the bus should be kept as short as possible. Attention to 
these cautions should yield a module design with minimum bus loading 
(capacitance). 
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CABLING SUMMARY 



Preassembled cables are available in a variety of lengths and types as 
listed in Table 1 The H854 and H856 connectors are shown in Fig- 
ure 1. 



MBS4 

CONNECTOR 




II- 3294 



Figure 1 J1 or J2 Connector Pin Locations 
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Function 


Module Type 


Cable Recommendations 


Serial l/O-Asynchronous 
20 MA 

EIA RS-232C 
Data only 
(DLV11-J is also 
RS422/423) 

EIA RS-232C 

with Modem Control 


DLV11-F Mine 
DLV11-J 4-Line 

DLV11-F 1-Line 

DLV11-J 4-Line 
MXV11-A 

DLV11-E 1-Line 
DZV11-B 4-Line MUX 


BCQ5M-2C 
DLV11-KA (1 per line) 

BC01V-25 (M) 

BC21B-05 (M) 

or 1 per line 
BC20N-05 (T) 

BC01V-25 (M) 
Cable included 


Serial l/O-Synchronous 
EIA RS-232C 
with Modem Control 


DUV11-DA 1-Line 


BC05C-25 (M) 


Digital I/O 
Programmed Transfer 

DMA Transfer 


DRV11 16 in/16 out 
DRV11-B 16 in/16 out 


BC07D-15(U) 
2ea or 

BC08R-12(B) 


Analog I/O 

A/D 
D/A 


ADV11-A 16 channel 
AAV11-A 4 channel 


BC07D-15(U) 
BC08R-12(B) 


Mass Storage 
Tape Cartridge 
Double Density Floppy 

Diskette 
Hard Disk 

(H9273 Backplane Req'd) 


TU58-BB 

RXV21-BA 
RLV11-AK 


BC20N-05 plus a 

Serial Modem (M) cable 
Includes cable 
Includes cable 



Note: M-Connects to a Modem T-Connects to an EIA Terminal 

U-User end unterminated B-User end terminated with 40 pin Berg Connector 
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IOWA, Bettendorf KENTUCKY, Louisville LOUISIANA, New Orleans MARYLAND, 
Baltimore MASSACHUSETTS. Boston. Springfield, Waltham MICHIGAN. Detroit. 
Kalamazoo MINNESOTA. Minneapolis MISSOURI, Kansas City, St. Louis NEBRAS- 
KA, Omaha NEW HAMPSHIRE, Mancheater NEW JERSEY, Cherry Hill, Parelppany, 
Princeton, Someraet NEW MEXICO, Albuquerque, Loa Alamos NEW YORK, Albany, 
Buffalo, Long Island. New York City, Rochester. Syracuse, Weatcheater NORTH 
CAROLINA, Chapel Hill, Charlotte OHIO, Cincinnati, Cleveland, Columbua, Dayton 
OKLAHOMA, Tulsa OREGON. Portland PENNSYLVANIA, Harrlsburg, Philadelphia, 
Pittsburgh RHODE ISLAND, Providence SOUTH CAROLINA, Columbia, Greenville 
TENNESSEE, Knoxvllle. Nashville TEXAS. Auatln. Dallas. El Paao. Houston. San 
Antonio UTAH, Salt Lake City VERMONT, Burlington VIRGINIA, Fairfax, Richmond 
WASHINGTON, Seattle, Spokane WASHINGTON D.C. WEST VIRGINIA, Charleaton 
WISCONSIN. Milwaukee INTERNATIONAL — EUROPEAN AREA HEADQUARTERS: 
Geneva. Tel: (41) (22)-93-33-l 1 INTERNATIONAL AREA HEADQUARTERS: Acton, 
MA 01754, U.S.A.. Tel: (617) 263-6000 AUSTRALIA, Adelaide, Brisbane, Canberra, 
Hobart, Melbourne, Perth, Sydney, Townavllle AUSTRIA, Vienna BELGIUM, Brus- 
sels BRAZIL, Rio de Janeiro, Sao Paulo CANADA, Calgary, Edmonton, Halifax, 
Kingston, London, Montreal, Ottawa, Quebec City, Reglna, Toronto, Vancouver, 
Victoria, Winnipeg DENMARK, Copenhagen ENGLAND, Baalngatoke, Birmingham, 
Bristol. Ealing, Epsom, Leeds, Lelceater, London, Mancheater, Reading, Welwyn 
FINLAND, Helsinki FRANCE, Bordeaux, Lyon, Parla, Puteaux, Strasbourg HOL- 
LAND, Amstelveen. Delft. Utrecht HONG KONG IRELAND. Dublin ISRAEL, Tel Aviv 
ITALY. Milan, Rome, Turin JAPAN, Osaka, Tokyo MEXICO, Mexico City, Monterrey 
NEW ZEALAND, Auckland, Chrlatchurch, Wellington NORTHERN IRELAND, Belfast 
NORWAY. Oslo. PUERTO RICO. San Juan SCOTLAND. Edinburgh REPUBLIC OF 
SINGAPORE SPAIN, Barcelona, Madrid SWEDEN, Gothenburg. Stockholm 
SWITZERLAND, Geneva, Zurich, WEST GERMANY, Berlin, Cologne, Frankfurt, 
Hamburg, Hannover, Munich, Nurnberg, Stuttgart 



